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PREFACE 


At tlip tojilli -lessioii of tho Inilino iSt'ieui'o Onnprosb held in 
Luplinow in 192ft, « join! njeetiiig^ on the jjnpiwenienl of foddei 
and foiftfro in India was miunged hy the l^iosidents of flic FSccfions 
of ApricnUni'p and IJotany. Two considetations inftuonced 
Ihis deciiion — ilie fiisl heinp the pjont importnncp of the subject to 
India, and the second the pimvinp feelinp ntnonp aprieulfurists 
that the time liui conic when the hotonistb should oome forward 
and assist in solving thc^e |ne<o,inp piohleini. Great efforts aie 
being made in all Provinces to improve the rattle, but tlio focloi 
wbieh limits sneli effort is (be nmottnt of fodder in the country. 
Iniprovemenf in the fodder supply must precede or at any rate go 
hand in hand with the improvement of the breed. As llie best way 
of promoting co-opejation is by a ftill dbnission. this meeting was 
nn*anged so that the most urgent problems might bo outlined. An 
invitation staling the aims of the discussion was sent to all Depart* 
nionts of Aprioult 
intere.sted in the 
Indio. 

Alihouph tlier 

questions, it must . . 

hn accomplished by plant breedinc alone.. There is not mnch in^ic 
of producinp, either hy selection, hyhridiration or introdnefion, the 
ideal fodder plant, namely, a ero)» which will plve a large ontturii 
of iinirilions, surculont fodder with the niinimnm amount of Water, 



which will thrive during that pari of the year wlicn all other 
vepclntion ceases to grow and which con be easily preserved with- 
out loss or tronhlc. The evolution of such a t.vp^* i** probnhly 
beyond tbc powers of any bninnist. Mneb. bowever, Can be donC' 
by seleeting bettei varieties of existing fodder ciops, but tbe 
improvement will be one of degiee only. A much larger field of * 
investigation lies in flic determination of tbe physiological nerds 
of sncii crop.s and tbc consequent imjirovenicnfs in melbods of 
cnUivalion. Anotber problem for the bolnniet is the discovery of 
the conditions necessary for seed formation in legiiminoiw crops. 
'Many of these such ns lucerne, hrrsrcw and shaltnl arc most 
orralic iri their seed production. The difllcnlly and expepec ol 
obtoining ,pood seed is Beilously hampering the extended ouHiva- 
fion of these valuable fodders, 

i . "1 

( iii ) 



IV 


I’l rrACE 


TUo fundjimpiital difnmllics in tlio foildci problom, however, 
holonp to tlip clnmnin of cfonoinics nnd education. Thii wac 
pointed out in several of tlio papejs and at the joint meeting. It is 
only where the holdmp of the eulthatoi j-ields inoie than enough 
foi hiiu.self and his family that he tvill give his cattle anything 
but ,i mere mamti nance ^ration. The introduction of better 
varieties, better implements and inci cased irrig.ition facilities arc 
all indirect methods of solving the fodder pioblem, and it is pio- 
bablc that the bcht solution will bo found (where water is available) 
in the intensive cultivation of fodder ciops on a small portion of 
the holding. 

OABRIELLE L. C. HOW ABE, 
I’osA, Chairman of the Joint Mieting 

if arch Util, 1023. anti Prisitlenf of the flection of Botany, 

Indian .Science Conyresi, lS)‘i3. 
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I GENERAL PAPERS, 

^ * 

1. SOME OE THE WJDEH ASPECTS OF THE FODDEll 
QUESTTOK nsr INDIA. 

ur 

S. MILLIGAN, M.A., B.So., 

Agricultural Adviser to the Government of India, 

'I’lie fodder qiipcti'on, like llio rattle kipedinfy rjnesUon, if< seldom 
properly undcistood in its ■v\idcr nhjieiils. Jn spito of +1jo olmous 
fnc( that it is luigolv one of economics, Jlieie are inany who consi- 
der thnl it can he solved by piopap.’mda woi-lc. Snch orics ns 
"Eneotunge loddor piodnction,” “^tlie people ximsi pul largoi 
areas into fodder crops ” assnme that the cultivators wilftdly 
neglect thoir cattle (»r that there exist large ^nfens in India whoic 
<-i-ops can be giown purely for cattle fodder. The fact of the matter 
is that where holdings are largo enough special nieas arc put undei’ 
fodder, and the cal lie are well fed and well kept. The grant jnasses 
ot the population in. India, however, exist on small holdings. 
The oulttvaWe area is devoted to and in most cnee'! is just sufli- 
piftnt to meet the food roipuremcntfi of the people, to pay rent or 
land revonuo, and purchase*, (he* necessities of life, and it is the 
crop residues which form the main diet of the entile of the countjy. 
Thisjs to a oertain extent trite of other and moie prospoions eoun- 
' tries, hut the extent to whicli crop residues form the diot'df Indian., 
animals is far greater than -in in0.st. - ^ - 

The reason, of course, is uol far to seek. Animal industry, that 
is to say, the piuclucjioxi of animal iw distinguished fioin vegetable 
products, is .less important in India than in..;nost eountrie*. 



iS 'IHa IMPROViaiENT or rODDim AND roilAGS IK INDIA 

Ttero is no beef eating, and dairying has yet to be developed in 
the arable distiicts, wbei'e it is pineticnlly non-existent except in 
favoured tracts sucb as Gujaiat, tbe Punjab Canal Colonies, etc. 

The crop residues ref ei red to consist for the most part of tbe 
leaves and stems of tbe giain ciops, tbe " cabes *' produced in tbe 
oil pressing industiy, and lastly, but by no means unimportant, 
tbe cotton seed after tbe lint bus been extracted. 

It will tbus be readilj' realized that tbe cattle of tbe counixy' 
are mateidally affected by improvements or the reverse in tbe staple 
crops of tbe countiy. It may bo said at once, that, other things 
being equal, an improvement in tbe yield of these crops will be 
felt by tbe cattle just ns much ns by tbe human population. The 
growing of more efficient varieties of tbe staple crops, the improve- 
ment of yield by manuring or by improvements in cultivation, will 
effect a corresponding increase in tbe food of tbe cattle. * 

Conversely, the cattle may be adversely affected by a deteriora- 
tion in the yield of tbe principal food crops, tbe growing of new 
varieties for grain purposes uitb no coiresponding increase of straw, 
tbe growing of high lint percentage of cottbn without an increase 
in total outturn of Juipaa, oi tbe growing of crops yielding stjaw 
inferior as regards cither food content br digestibility. 

The importance of this point of vievr may bo seen from tbe crop 
statistics of the country. Taking the average straw to grain ratios 
in the case of rice and wheat we find that the combined yield Of 
straw from these two food crops amounts to not loss than 90 million 
tons, per annum. The stiaw^^outturn from tbe 60 million acres 
of jowar {Andropogon Sorglmm), hajra {PcnniscUtm typKoideum)^ 
and gram for food for human consumption luns into enormous 
figures. 

Compared with such figures tbo amount of fodder grown 
specially for cattle feeding is relatively small. At the same time 
tbe importance of suqjplying green fodder os a mixing ration to 
straw is well under stood and, wbciever possible, grass, weeds, etc,, 
are cut for this pui’pose. To some extent, espeoioUy in M’ortb-'West 
India, cold wealber leguminous crops sucb as melilotus, luosrao, 
etc., are grorvjr as catch craps where tbe cover crop^ ripens too late 
to permit the growing of a rail crop. 

It is, however, tbe rice growing area^ which are. badly off for 
greert catch crops, and it may bojicra noted that tire smallest and 
woi st conditioned cattle arc found in these fraots- There tbe animols 
subside almost entirely on paddy straw supplemenfed by tbe scanty 
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stubble grazing availublo in the »lry wcallior, and, in ITio rains, by 
wbat grass can bo obtained irom tlio field bunds, etc. Tho rice 
strnu* offers a bare subsistence ration for cattle at rest. As a "work- 
ing ration it is below par, and if it were not for the fact that the 
caltlo in the tracts roiciTcd to have not more than a month’s hard 
Avork in the year, t.«,, in tho puddling season, the situation would 
be quite impossible. 

I'ho improA-ement of the cattle in tho rice areas is admittedly 
one of tho most important of problems which at one time appeared 
to bo insoluble Avitliout cold AAOnther ij ligation. Itccciit ivork hnf., 
however, dcinonsirntcd the existence and importance of vilamincs 
in the diet, and it now appears possible that the addition of quite 
a small quantity of the right closs of green fodder to the rice straw 
ration might appreciably leaven the whole. ’J’he study of the value 
of different green crops for mixing purposes might thus yield valu- 
able rcbiilis axiplicablo to the rice tracts. So long as the amount 
of green fodder loquircd is small enough to permit of its being 
groAvn under well or tank iirigation, fhuro need bo no great diffi- 
culty for most eultiA-utors to keep a veiy* small patch of, say, lucerne 
or Bomo such fodder going all the year lound for the sake of tho 
cattle. II, on tho other hand, any considerable ai*en is lequiicd, 
then the question can, as far ns one can see, bo sedA’cd only through 
increased irrigation facilities. 

Apart from the general point of view of tho mnintonanco of 
the working cuttle of tho country, thci'e remains the important 
subject of daii’A'ing, TJiis i*- the only foim of animal husbandrj- in 
its truo souse possible in an “ agricultural ” couuti-y AA'ltli a vege- 
tarian jiopulation. Commercial daii'yiug is, however, only x)ossil)lc 
Avhero jdenty of green fodder is available during the greater park 
oi tho j'car, 'fho licc Unci'., Iheieforo, nie ruled out for this indus- 
try, but thoio remain very cxfcnsiAo high land irrigated ureas where 
dairying is not onl5' possible but ought to be profitable at the 
present rates for dain,- praduco. In lbc.se tvao(.s the Avorlc cattle 
luc OTV tho whole good, but in many place, a Imffnlu population loi 
ghee making has sprang up and is noAA' competing for tho fodder — 
a state of affahs which can only bo overcome by cnioful breeding of 
entile for dual ‘purposes of milk and draught, Tllxero is, however, 
a wide field -.fej* jxrofitable invesligation as regards the yielding 
poAvor of diffo^^eni fodder props in these area**, both for their relative 
feeding valtic-S l^nd Hie erononncj» ill manuring. Theio is no move 
promising field so far as yield "is concerned for mamiring tlian in 
its application' to the fodder crojrs. 
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Sunimitriziiig, I should therefore lecommend to the Conference 
the special iniportancej from the point of view of the cattle of thi 
counti-j', of — 

(1) The straw produced by the improvement in grain yields 

either llirough the new varieties, improved cultivation, 
or nianrii-ing, both as regards quantity and feeding value, 

(2) Tho production of green fodder for mixing purposes, 

(3) The production of fodder for dairy catlle. 
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2. TTIT5 N13ET)S OP INDIA PliOJr A DA1T?Y POINT 

OP YIPAV. 

BIT 

w. sirn’D, 

7 v> pet ini lyairif 75.1 pttK 

The ngiicultiival needs of a conntrr so vaBl ns India "wilh its 
divei'siiio'? of oHnintp, soil, rainfall and nltitnde must necessarily 
diCrer grenily in vnrioiis localities, hut throughout the coxintiy the 
enltivntion of fodder u-ill always primarily he for entile feeding, 
and enUle feeding in India must eventually mean dairying, ns tlie 
entile hi-eeder cannot go on perpetually rearing a cow simply lo 
hrcetl a hullocic or another non-millc-yielding cow. Economic fartoj’s 
and the spread of general knowledge will force him sooner or 
later to adopt the dual ptirjiose cow whieh will give him tho ela‘<'- 
of httllock he needs and which will at the snmo time pay for her 
keep hy her milk yield. Ti may, therefore, he assumed that the 
fuluio nooda of this cotmti-y will he crojis suitahlo for tho feeding of 
milch cow'^. Tiidin cjtniiol he eultivated withoiit hullocks nud 
hullocks cannot he produced without cows and nil cows must yield 
•jonie milk, tho better they arc the more milk they will yield. 

'J’he niiivpisal crying need of the rmnitry in ennnection with 
this fodder ipiostion exact knowledge as to tho most piofitahle 
fodder to he grou ii nuder givesi conditions. In view of tho great 
importance ni the imjii’ovemont of tho cattle of the countiy it 
appears to he an urgent necessity that the Scientific agricultnrnl 
seiwiccs, partieulax'ly the hotnuisls, should give much tnoi-e time 
and ntleiiUoji to this subject than they have done in the past. T 
quite recognme that the botanists are few and that their time has 
hitherto been taken up uith the ‘•tnplo crops such ns wheat, cotton, 
1 ‘iee and sxignicane, hot it may he pointed out that none of tho«e 
crops can he grown with tlie maximum of success without nu effl- 
cient bullock, and an eflicient bullock cannot ho produced without 
stiitahlc fodder for his growth and mnintenanco. 

Tho object of this paper is, ns far as possible, to indicate lines pf 
resenreh in connection with 'fodder' jtroduction , which would give 
the oounti’y the knowledge most lugenlly needed. In attempting 
this it is, of course, im^ossihld to deni w'ith India aS a whole. On 
the other liand, il is '■equally impossihlo in a paper like this to 
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take up eveiy locality or district separately. 1 sliall, theiefore, 
deal in a general way witli those parts of tiro country and systems 
of agriculture uitli ■n-hich 1 am best acquainted. 

The iiaigatcd tiacts of the Punjab form one of the largest and 
most impoi'tant food-producing districts of the country. At 
present, a system of cropping is followed in this area which pro- 
vides in the main for the growing of wheat, cotton, certain oil seeds 
and the leguminous crop gi-am. Tory little is returned to the soil 
in the form of manuie and in many areas leguminous crops are 
sparsely grown. That this system is impoverishing the soil is 
admitted by many authorities, and soonei or later the Punjab culti- 
vator will ho foiced to fall hack on some system of nuNed farming 
(which will include stock i caring) to enable him to manure his land 
and retain its fertility. Tfo doubt a ceitain amo\mt of stock rear- 
ing takes place now on these iiiigated tracts, but it is not taken into 
account in the system ol ciop rotation practised and provides little 
manure beyond the fuel (in tlie foim of dung cakes) required by the ' 
cultivator. Wlien the Punjab cultivator finds it necessary and 
profitable to take up cattle xoaring ns a real part of his business 
(and the sooncx lie does so (he better for the country), he will rcquiie 
to know definitely tho best fodder plants (leguminous and non-legu- 
minous) to giow undci tho varying conditions prevailing in his 
Piovinoc. This knowledge can only ho ucquii'od after long research 
and years of experiment. 1 suggest that the work he taken in hand 
now. 

Tn the rice-growing iincts of many parts of tlie countiy, parti- 
cularly Bengal and iladrns, the working bullock is fed on rice 
straw and such weeds gzowing on the hvnds and among the rice 
stubble as he cau pick up ; the result -is that he fores badly and is 
geiierallv inefficient. 1 do not think that in the nou-irrigated rice- 
growing areas it is possible to grow a second crop in the form of a 
catch Clop following the rice, but tbero nie irrigated tracts where 
tliis could he done, and if the ciop gi’own wore a leguminous one, 
and if, in addition to advice regarding the glowing of the crop, tbc 
cultivator could he given exact laiowlodge concei’ning iis conseiwa- 
Hon, cither dry or in tlic form of silage, the result would be 
altogether henefirial. This, I consider, a profitable subject for 
re'seamh and expciimont. In the non-ixTigated rice-growing dis- 
tricts it is often possible to grow; a foddefm’bp like jowar {AnSro- 
"pogon Sorglivm) along the bunds dividing the plots, as is done in 
the Southern Mahr.'itta Counii-y. paddy "'cultivators could he 
induced to adopt this practice wheievor suitable, it would in no 
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way I'cduce tlic yield of rieo and tvoulfl grieatly nssiisi tlio cattle 
feeding jitoblcin. Uen* again it will he ju*ct“:sjny to deiuonstintc 
(ho piopoi methods of conseiving mid storing (he bund grown 
loddov crops as well a*- to incHuatc tin* proper plant to giorw and Jt« 
inetiiod oi cultiAaticiti. 

In innii^' parts of ihv' coiinti-y j>u<di mi Mind, the Soulliera 
Muhintta Countiy, and pnitu of My->oie, huge ttunntrtics of joxcar 
{Androitogan Surtfhxtm) are grown ior cattle fodder, and it is lay 
opinion that, geiteinlly siwaKing, the cultivatorh grow a type of 
plant stiitahlu to the locality, hut it t*. aKo im opinion that if those 
growci'R had sufUtdciit knowledge to grow a aiiitabln leguminotm 
foddoi crop iioin time to linn* im these land' 4ind to look upon this 
os a regular part of (heir rotation, the geneinl icsult would be 
greatly impfovetl, 'J'ho ferliliiy of (he soil would he inninlnined 
and the cattle fed on theso leguiainons ciops wouhi benefit by the 
“addition of the ineienscd albtnntuoid content of th«* loddcr. I'he 
iulroductiou of hrrU'tm into Sind l.y Ucudei'eon’ i» a gtwd rumple 
of what may h»? done in this diieetion. 

Imceiiie {Afnltroiio *atfrn) isgiiiwn pnu'lu4i)ly all onn Jtidia. 
"Whon fed gieeij in laodemte <tunntitie*> it it a useful fodder for work 
entile, young stock and dry enwn. Cows in milk do wtdl with Binall 
quntitiiies of gieeii Itiocme, but ior all elassos of hosinc stock it is 
an exceiitionally gootl fodder in the form of liuj*. Uowaid® lias 
already cxpcrinienled with conshlerahle eueee®s in making lucerne 
hay in the jdains cspoeinlly with an itrigtited crop. 1 suggest 
that Ifnw'sird't ospeiilnont*' in IJiia diiertimi h« continued in Miveial 
]»aris «)f the eounlry, O'’ flu* general um' of well matte lucerne hay 
would l>e of immense v.ilue to the cattle' of India, lleic, whore 
gener.'illy speaking euneenliated foods (giaiti) tire either •■par&cly 
givtm or iiyt fed at all (o w’oil: and milch cntUci n dried fodder so 
rich in allmiAinoids and x-o appetising ns hu-ente hay is groatlj 
needed, 

in adtiitinu to the ♦onwuvaiion of lucerne in ihe foim of hay, 
tho w.‘holo question of (he jirt-serration nnd storing of cattle fodders 
nrgenlly calls for nlieiition. In the monKooti, India produces 
eiiormoMs quanlitios of plants whith, if haive<:led at the pioper 
stugn ni growth, wotilt^ pi or-idc nourishing tind paliitalde feed Soi 
eullle, and which, /or want of knowledge or genet al apathy, ate 

* ir'fiitJt'c-oiu O. t?.' tt 'reran for T**(Hn. Ift., 

Ml m, tnm. . ’ ' 

* Itowiirti. A , 1*11*1 ti, 5U <»' 'i1»e Airrio'ihunl linrlQi'inest of n,'i, ''i"' >» A^rit 

In*i; I’vfd, j IP, U*/l, 



i5*f nfi rov 1 'It ‘rt I' ro”<nr j». t: «n 


!<» e^’rtin’i'- ?)ii-5r "r't-fl* «n*fl itiiy rri v.ilct'ie* X«'’ 
t>nU 'll', •-•'j *-<• j. |lj in thf' t>C t!.«' i c*, tlv i-.'tlf 

• fp-, ln«*j sifUt thi r It'* 5"\i j'w*» <1, foivftl i\y i.if Ui‘ '• ■{•I vnx’* 
wSiit 'hf' »ri' Ht'lp fr-ii.i n ffPtlir." jhiIi t f'f 'vl*' . rfi.m 

1 ht' « t'li'i" i .*tn>ii of J'JaOf'- f»f tbi' { ttt«i htid <»f til itiX of 
the uolii foilrfo' rrriji iii Tneijn tti <ht' iririii of s.i!rtj',i' i«i o Kuoplf 
mailoJ'. flood tilnjro tan li*- ntaO'* in most potr« of i},(? ratintjy 
-itiipK ]ij* V u.p iJ.D "II I iiloot ypi'fii Hop iiitu -jiiti. slij" in 
ntid to\onnj. tli<> mti-'i wifli llio i-itoinsc, dryinjy otid •'lotii't* 

of fitfldoi ' toji- in Itnlii ofti'r* an miiitrn't* ftold for I'jciKritPi'iit 
I'inl ri'''S»f<li, iiiul t!'C finmttj liotVy word*' c\arl knonliifct- on till*- 
-ubjiti Ijinhrt vruli it' sen wot nnd sery iliy slLonttf 

re;»nid tlie viloiriir <jf ti-r.ji ••■i a Rt-'nt7'n»l na MukI of ptos idti.'' 

fpoil for !ior Isse ‘.took, lull nln-. the pHiefioL' it. pi'nonilly ppi'skiiiy. 
niitiiiosMi in tlif* toniitry. 

The fotepoinsf litiof {larajri split only ioiteli tlio rrin 5 »e of llii*' 
saaf tulyp't, litil it ii tlic liopc of the writet tlinS the\ ttns 
Itito 111 '* intiTc .t of «■' i'‘u( tfit' itt 'll in thi- inippt{.»«f nue'tfon. 
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3. QUALITY DLFIOIENOY IN’ THE FODDER SUPPLY. 

mr 

M 

^ Colonel J. MATSOE’, 

Assistant Controller, Military Dairy Farms, Second Circle. 

Tlie fodder deficiency in India is largely one of quantity, bui 
by no means wliolly. There is a great deficiency also in quality 
and notably in proteid matter. The quantity shortage induce', 
supplements from the concentrated foodstuffs, which are relatively 
less scarce, but this increases the defects from the point of view 
of a correct and complete dietary in the matter of mihernls and 
of the various food complexes sometimes called vitamines. The 
cow-keeping industiy of the country hulfens seriously in conse- 
quence. Much of the failure to breed and the production of weakly 
calves which die — so common in dairy cattle in India — is con- 
nected with this point. Eothing qan take the place of leafy foods, 
preferably green, but otherwise shade-dried. I would like to laj' 
lire strongest possible emphasis on the value of green fodder in 
this country where we have no pastul'es which can be relied on 
every year to remedy the error’s of previous stall feeding. Of 
lea^ foods, certain of the Leguminosm will supply many essen- 
tials in greater abundance than other fodder plants. 

i 

REQOinnMLNTS IN UmiGATCri THACTS. 

* 

In the irrigated tracts we need n leguminous fodder plant which 
will grow freely at the time when other crops are making their 
least demand on tjie ’water supply. Wc liave not yet found what 
we require in this respect. ’Lucerne has its value but its water 
requirements are spread oyer jpo long a time and, in my experience, 
it is practically imp.qssiblc to store it in India. This is peculiar 
In Queensland an^l the Ai’gentine, I have found little difficulfrv’ 
I on this score with ^unirrigated lucerne, more difiSculty in Ohili, 
where it was irrigatedj but nowhere was it impossible as it is here. 
In the Punjab, I have’ succeeded in curing it in the field so that 
it 'would bear transportation tb the stack or to the barn, though 
with difficulty^ but even then I found it could not be handled for 
viHirther transportation later. It breaks down to powder. The 
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plant Istructxiro n-licn diacd too fx'ngilo. Tiuccrne is also 

fxtraoidinnrily snsppptiblp to alkali. 

lirryecm pip?eiit«. less diflieulty in liandliiig Mdien diy but is 
not by any means easy to deal willi. Again watci has to lit* pro- 
vided at the inconvenient momeui. ypseitbcless foi eejtain 
localities it is the best ciop yet found. 

Shaflal is more easily grown in certain places, otherwise it has 
no advantages and is a pooler ciopper. 

I feel we want a plant from among those whieli give orfly one 
putting hut that a heavy one, which ean he sown in Mareh and 
harvested in 3In3* and June and of which the surplus eau he stored. 
J suggest sve must look to our botanical advisers to find it by 
varietal selection from among the cow peas and similar foddei 
plants. T speak of selection heeaiise some of tlicso plants do not 
grow very well when «awn in tlio carljf summer in the Punjab. Tt 
is true that plants of this class do not lend themselves verj- svell 
to storage in the diy form, hut a small admixtuio of jowar or maisc 
ennhlos the surplus to he stored ns silage quite satisfactorilj'. 

In tho iiiigatcd tiacls of Norllicrn India, 'the hhartj pulse? 
for tho summet combined with soft tumips in winter will carrj’ 
a larger head oi stock on a given area than any other fodder com- 
bination Itnown to mo. Turnips nro indeed iar too much neglected 
as a cattle food. It is possible to arrange a suet cssion from Kovem- 
hcr to Mai eh, which is the particular soabon of gieen foddei 
scarcity at present. They gis’o a laigcr outturn in u eight than 
anj'tlung I know, up to 1,000 mounds per aero counting tops. As 
bhowing their value for dairy cattle, I may mention that in one 
of oui Punjab farms we have lately (mid. Novemhor) heguu 
thinning out the larger turnips and suhslituling tliesc for jowar 
stalks in the, cows’ food, svith the result that the milk yield with- 
in ten days has incioasod two pounds per licacl. These turnips 
ate giowii on a sondy soil by the aid of well irrigation in rotatiou 
with brrseem, and we have had ovei 800 mounds per acre at the 
farm in question. 

UrotnnEHENTs in tuacts nETEimiifo os monsook baikfaee. 

In tho jion-irrigatcd tracts wo want a leguminous fodder plant 
which will take the place of a fallow in the rotation, which is 
drought resistant and which g^ves its produce after the ordinary 
summer crops are off the ground., 

Por this purpose, I have met with'some success with lucerne, in 
places where the rainfall is about 30 — 40 inches (mostly received 
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ilui’insj Mimtner) and where the soil is relentive of moisture with- 
out lending to ornok soriousty as it dries. Suoh rondilions are 
met with in many loealitios in Ihe Uniled Piovinres. (It should 
bo noted however Hint a slight iinpiegnntion of alkali salts is fatal.) 
I/Urerne sown on such land in Scptemlier at the idose of a good 
mpusoon will give Ihiee to fout cuttings between Hovemhor and 
April. Moreover, it will then remain alive till the following mon- 
•soon and, if that is normal, i-epeat the performanee. Tt will last, 
in mj'^experionce, until a 5 -enr of deficient rainfall when’.a huge 
portion will die. This is the most convenient time to change over 
and allot anothor field to lucerne. Rowing should be carried out 
ns soon ns the rain has been sufficient to give soil saturation. On 
the average a field of lucerne lasts for three years and must then 
bo changed. Of course it fails to produce fodder in a yeai- of 
scarcity when it is most wanted, but wo cannot expect to find any 
plant tlinl will grow without water. The gross Aveiglit of lucerne 
grown in this maimer is not high. On on average of three years’ 
productiveness soiuo eight to ten ton- of gieen fodder may be “x- 
pooted. Tt has, however, the following advantages:” 

(1) When the food values calculated on the diy weight are 
compared with aihat would have been obtained fiom u 
similar area of a uou>lcgurainous fodder crop, it svill 
bo found that the value is much higher than a com- 
parison of the green weights suggests, 

(ili) XI is obtained wlicn no other gieen fodder is available and 
has a fur higher value in conseq^uence. An extra ton ol 
green fodder in September, ifhon grass is abundant, 
has little value, whereas a ton in February or March 
means a great deal, 

(til The crop rests the land almost as woll as a fallow. 'I’ho 
borrowing which may safely bp given to such luperup 
after each cutting will assist thii, and will be elfeclive 
in keeping down weeds. 
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4. NOTES ON FODDER GROWING ON THE PHSA FARM. 

BX 

G. S. HENDERSON, N.D.A., N.D.D., 

Imperial AgricvlUirist. 

The study of fodder crops is of great importance to India not 
only from the point of view of the general cattle question hut ol'o 
in reornrd to the extension, of dairying. It is this aspect that has 
received most attention on the Pusa Farm. The data ot)t'nned 
have considerahle practical importance, as the area concerned is 
large enough to he an economic unit. 

It must he remembered that natural grazing in India is usually 
a delusion and a snaie; when it is most wanted it is not there. 
From January to May the so-called grazing' is lepresented by dried 
up, sunburnt plains on which the wretched cattle wonder, trying 
to snatch n meagre mouthful in the arid fields. 

It is necessai'y "to provide a rotation which will not reduce the 
fertility of the land. From Table I it will be seen that the results 
of ten years’ cropping on the Pusa Farm show no decline of 
fcrtilitv under the veiy intensive cultivation pursued. 

The second table shows what fodder and grain has to he supplied 
for n daily herd which .averages 350 head with nhont a isily 
average of 80 cows in milk. 

Mr. Hutchinson, the Imperial Agiicultninl Dneteriologist, has 
struck a timely note of warning in his address* to the Indian 
Science Congress at the meeting held in Bombay in 1019. He 
pointed out the danger of upsetting the delicate equilibrium which 
exists in the Indian ryot’s cultivation between his ciop yields and 
the available fertility of his land The principle also applies pro- 
bably. to a lars'e extent, to the introduction of modem implements. 
For dairy work, however, this does not apply. It is necessary to 
produce fodder crops and they must he produced by direct cultiva- 
tion. It is baldly p:a<Hchble to base a daily scheme on foddei 
produced by tenants. II is absolutely essential to produce the 
todde** near the daiiv hcid. Fodder is a bulky artiele and will no( 
Lear Ironspoit. It is practically impossible to run a dairy sclieme 
profitably if the fodder hos to ‘be bought in the open market. 
Now it is a very different mattei indeed to run a block of land 
by means of tenants to cultivating the same area directly. This 
fact is very seldom oppreciated. It is probably one of the greatest 
difficulties in the way of the extension of dairy work in India. • 
Any considerable area of direct cultivation calls for expert super- 


A^i Jour, India, p COS 
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vision, snitoblo lotnlioiiB aiicl llie provision of modem mncliinery 
and imploraents H, i«. impossible fo^ lay _down general lines of 
guidniice for nil parts of India, eneli diMrici would have to be 
settled according to its indimdual cijcumstnnces. The plan of 
cultivation on the non-expeiTUientnl area of the Pnsa Paira is quite 
useful ns far ns it goes, but would have to be modified very consider- 
ably in most cases, A. short descrlplion ivill give the general 
principles undei’lyiiig the plan of olieratioiis. 

The main portion of the tnalile load consisting of pome 413 nejet- 
is under the folloning rotation: — 


(Kharif) 

tVinlcr crop 
(mil) 


lal yoni 

2nd Vciir 

1 .Snl year 

jrmVf* foi fli1n»o niul fodder 

Motri' for com 

PnW green ciop witli 

inaniirpd vUli 10 tons (.irm- 


2 cnt. xiiporplioaplinte. 

vnrd mnnnm or oilciil.o nt 



10 md. iicT ttoic. 



Oftti . , 

Itahar iCajainif imlietii] 

Oftti. 


This rotation entails much work at tv-o periods of the year, but 
the heavy work is doue liy ineans of a st'f of ITowlcr’s steam plough- 
ing taeUft and many of the mthsidiaiy opeiaiions nie carried 
ont Jiy trnctois. Tlieie are also some >lfl jinirs of work hullocks 
chietlv used for tianspott pvirposes. The pioduee fioin the above 
area for the last ton years in given hclosv : — 


Taht.e I. 


Tatal rrfttrn of grain and green fodder ffoin 13 fields at Pitsa for 

flic lait 10 geat-s^ 


Vefti 

Otrts luul 
otiior eerenU 
in md. , 

• 

Mpi/o (.naiii 
■ill wd, 

4 

-ir/iffr, 
pnddy nnd 
"■oilier pnOi 
In ind. 

Tolni^rnin 
in mil. 

Green fodder 
nuilre, net*, 
and pons 
fn md. 

1012-13 . 

3.210 

52.: 

801 

.1,02(1 

10,301 

1013-11 . 

1.007 

200 

1.100 

3.207 

11,813 

ini4-IC . 

1.740 

r.14 

I7W 

, 2,0B7 

14.127 

1015-1(1 . 

2,000 

* 881 

! 701 

■I.O.'M 

30,00.1 

1010-17 . 

2,807 

, 070 . 

032 

4.400 

31,071 

1017-1 fi . 

2.370 

1.270 

11,010 

4,0(12 

.10,803 

1010-10 . 

.7.3S0 

■ , 550 ; 

1.037 

4,082 

.10.735 

1010-20 . 

2,470 

l.OOl 

710 

4.202 

.11,021 

1020-21 , 

2,512 

- -70(i 

Fl,07.1 

4,381 

33,.180 

1021-22 . 

,1.751 

, 1.207 

1.1.12 

0.15.1 

31,402 


Note--— (1) 13 ficildh 1nlnl413 ticics. 

(S) Minor rrop>t sucli iiS sngiviGino and iudiflo mo ntnllfod. 

(31 Straw in ocrcai oropH in aliout donido the ncight of graiiu 
{41 ?7 iimtind? Sro t'finai to os'- ion. 
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Table 


Statement showing the quantities in mounds and the 
buliocksfrom 1st Jiily 1921 


Fnrtionkrs 

Cows 

Yonng 

stook 

Calves 

1 

Dry stock 

drain 




■1 


1. Oata • . • • • 


8S0 

176 

HI 

72 

2. I^lsoa. ..... 


686 

200 


35 

3. Maize .... 


417 

245 


41 

4. Barlof .... 

• 

61 

15 

■1 

... 

Total grain 

• 

1,022 

1.031 

228 

148 

tS. on coke .... 


003 

391 

60 

13 

Q. Xinsoed oil , , . . 


sss 

»•» 

0 


7. Bran 


.a. 

.*• 

8 


& Sftlb • . e . • 

• 

63 

02 

17 

11 

Straw 






S. Ost straw .... 


sss 

**s 

... 

.*» 

10. Arhir bhvsa . • > 

r* 

ss« 

• i» 

«.» 

•*. 

11. Maize straw. * « ^ • 

• 

... 

... 

*.* 

... 

Total atnivr.,^ 

• 

... 

... 

... 


Green foiier. 


• 




12. Gneo oats and iwos . 






13. Maize ..... 


1 1 1 


... 

... 

Id. Joiatr .... 



• •s 

... 

... 

16s Pal«cBs • . • s 




-ft 

... 

16. Guinea grass . . 


. 

ete 


... 

17. Sugatoano .... 

• 

... 

... 

... 

... 

Total green fodder 

• 

•••• 

... 

... 

... 

18. Silage .... 


. 





• 

< • - 





Avetago nnmbcr of animok xmv — 


L Breading kerd . . . . ' S'SO 

2. farm bullocks .... -70 

S Estate bullocks ... 40 
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n ’ 

particulars of feed for the dairy herd, farm and estate 
to 30th June 1922. 


Btills 

lolnl 

lor 

breeding 

herd 

Taim 

bullncks 

KflUtc 

btittocl.fl 

Gmud 

Tctnl 

Ifami 

produce 

Pnrehnaed 

91 

KHOS 

one 

171 

2,0')8 



30 

1,031 

48 

3 




70 

861 

32 1 

168 




• a« 

70 

53 

20 

■i 



200 

3,020 

723 

301 

4,C1G 

4,010 


41 

1,218 

358 

n 

1,676 


1,670 

1 

10 

... 


10 

*•« 

10 


b 



8 


8 

9 

162 

20 

■■ 

172 

... 

172 


• 4« 

1,100 

679 

»»• 


... 


4,200 

286 

263 

... 

.»• 

.1. 


... 

313 

178 

... 

... 

*•* 

•• 

4,200 

1,823 

l.OlO 

7,038 

1 

7,033 






iim 

. 




6«i(i 

Mb 






4, Hr. 

1,637 


... 

... 

f i« 

13,625 


081 

I^Bi 

1 

« ... 


. ** 

■■Km 

170 



• •• 

■ ■■ 


HH 

4.60 



... 

... 

... 

3,512 

1.100 

IBHB 

... 

... 

... 

13,525 

10,401 

'4,317 

28,3.30 

T 

2.S,‘130 

... 

‘ *1. 

0,688 

3,100 

1.028 

12,783 

12,783 

«•! 




* k > 

V 




(itfttpmont (looB not nsrco ^vilh tlio outturn from 13 Uolds for 1021-22 bopnnsp (1) 
• , llio jiroduoo of oxpciimcnlnl nron is included in tlip piesodt bUtonipnl, (2) tlio 
, g;niin fiom tlio cold uoatlior Imrvcst iu nied in noaBon 1U22-23. 


In tWs j'CttT more oil colto tlmn ubhiiI wns purolmbod 1ml thin is LOimtorbnlonccd by 
tlio Bugaroano and non-loddor cicpi grown for oxporlmonU 


P2 
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This 400-ncre area is not irrigated hut to bridge the gap from 
Jautiary to May some 40 acres of loir-lying and formerly rraste 
land have been levelled and put under irrigation. On this is 
jyi'ovrn herseem in the cold irenther followed by maize in the hot 
weather. This reclaimed land gives a most valuable succession of 
green fodder. The cattle aie tethered on the bcrseem and they 
follow on by grazing on the eaily maize. Pusa Bulletin l^’o. 66 
of 1916 gives details of this cnltivation. They are Icept on this 
herseem and the oat stubble until the break of the monsoon; there- 
after the pulso crop in the main area is available for their grazing 
and on this and on the maize stubble they are kept till the herseem 
is again ready. Silage is made from the maize, cut green, and 
this with the oat straw is the main source of fodder which they 
get fed inside the «ilieds in addition to the outside grazing. Paili- 
culars of the g-rain and fodder sunplied to the herd from July 
1920 to June 1921 are given in Table II. 

The cattle are thus not dependent on natural grazing. Culti- 
vated crops are grown instead. There are some exercise fields, of 
about 100 acres in area, round tire buildings which are laid dowii 
to daoTt grass (Cynodon daetylon). 

What may be described as ranching, that is to say, the* keeping 
of cattle on n large grazing area, is a very unsuitable system for 
dairying in India. The proper cultivation of suitable fodder crops 
is the only method of inrnning a dairy herd properly. 

Prom the rotation piactised at Pusa it will be seen Hint maize, 
oats and some pulse crops are the chief items of cultivation. 
During thi> hot weather, one-third of tho area is under maize for 
grain, another thiid is undei maize cut gieen for silatre and the 
remaindei is cultivated with pulses as fluar (cluster beans), cow 
pens, velvet bean, etc. All crops at Pusa are drilled and intei- 
nultivated by bullock implements thus reducing mnminl labour to 
a minimum. There are n number of other crops which in other 
circumstances could replace the maize in tho rotation. Jowar 
{Andropoffon Sorghvm) will give a larger bulk of green fodder, hut 
tho silage is not nearly so good as the maize silage. Other more 
special crops are bamboo (Dendrocalamus strietus), some varieties of 
sugarcane, sunflower, gonrflv or Pimjab turnip and, whei-e irriga- 
tion is available (say, the drainage from the cattle building), 
lucerne, G-uinea grass. Paspalnm and Ithodes grass are all. useful. 
Pield peas and green oats in the cold weather make a veiy useful 
mixture for feeding green. 
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The following results have lieen obtained witL quantitative 
esperiments on tlio yields of common pulses. 

Tadee III. 


Statement showing the average outturn Jor 5 years of kharif fodder 

pulses. 


Kfiarif pulses 

Average for B 
years of greon 
fodder pt r aero 
in pounds 

(1) Math {Phnsfohts aecnitifoHu)) ... 



IB, 770 

(2) Velvet . . 



12,440 

(3) Cow pens (Ft|;na (Tatfaiip) .... 



12,257 

(4) Cluster beans (Oi/amopsis picrahiitit) . . 



10,025 

(6) Urid (iVtaeeobis radialue) .... 



0,000 

(fl) Soy beans (Olyeine hispida) .... 



7,830 

(7) Xlorida beggar weed {Vesmodintn tenluosttm) . 



4,174 

(8) Val (DoUehos habtab) . .... 



3.035 

When maiEo grou's ideally well tlicre is noibing to approach it 
for a daily fodder crop. At Pusa the giTOn maize is ctit In Beptem- 


ber, clioppod up by a silage cutler and blomi into a silo pit. The 
pits are large enough to hold between three and four thousand 
maunds of gi’een fodder, and when they are full a plaster of mud 
K put on the tup and the pit opens up im.spJondid condition, A 
hundred pounds of gieen fodder gives an^avoiage of 66 lb. of 
silage us 'weighed when fed to cattle. Tlie other fodder stand-by 
is the oat straw aild it can bo fed “long,” that is" to say, as it 
comes direct from the threshing machine. Tlie ideal method 
would bo to feed tho sti-aw as it comes from the threshing machine 
on to the iilatform of tho silage cutter and let it bo cut and blown 
into tho bhvsa shed. It would then pack much better. 
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6. GRASSTjAI^D ECOLOGY. 

f 

B7 

W. BURNS, D.Sc. 

JHcortomic Botanist to the Government of Bombay. 

Since 1911, tlie stafE of the Economic Botanist, Poona, have been 
studying the wild fodder grasses. The following is a very biief 
account of the ecological side of our investigations. 

The edaphic conditions of the Bombay Deccan are, from the 
point of view of geology, moio or less uniform, since all the rock 
is trap and the dciived soil is similar. From the point of view 
of ecology, however, the water-content makes a considerable differ- 
ence even in soils geologically and chemically alike. The 
climate may be oonsideiod ns uniform. At Poona, the average 
annual rainfall is 27 inches (between June and October), and 
during the hot weather the temperature langes from 85® F. to 104° 
F. in the shade. A drying wind blows from the west dtiring 
March, April and May. Its importance, undoubtedly great, has 
not yet been instrumentally measured. In a paper* read at the 
Calcutta meeting of this Congress in 1921, Chalcradeo and myself 
gave an account of the first year’s observations on a fenced-in 
seven-acre plot of the worst tj'pe of land in the above surioundings. 
This land was leased in 1920 and was at once fenced. It is there- 
fore just three years since the inception of the experiment. One- 
third of the area (the middle strip) was ploughed and re-seeded 
with a mixture of good wild grasses, and the rest loft untouched. 
The whole aicn has since then been left to itself, no further re- 
seeding having been done, while grazing, burning and cutting have 
been prevented. It was intended to watch the succession of vege- 
tation that this area and climate would produce in the five yeais 
of the lease. Quadrats were charted In .typical spots and recharted 
annually in October. Others wore scraped or burned in order to 
•watch the effect of these operations on selected spots. Our main 
observations so fai are these : • 

(1) Re-seeding is not a success in this area. The breaking up 
of the ground in this, as in every other case which has lome to 


1 Jour of Indian Botany, Tol. II, Ko 3, 1921. 
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our Dotice> results in a partial destrurtion oi tlie existing grass 
cover, and in the appearance of a crop of rudcr{ils. The seeds of 
these must lie dormant in the ground for ronsiderahlc perioils. In 
this area, Vinca pvsilla u'as the picdominant weed. Others such 
as Glossocardia linearifolia. Polygala cliinensis, Alysicarpus and 
Indigofera species, and Celosia argentea vero common. The ap- 
pearance of rudoials when the existing cover is damaged is appa- 
rently a common phciiomonon in other countries. 

(2) Meie enclosure and the prevention of burning, gracing and 
cutting have, on the other hand, boon very effective. Tlio most 
striking result has been the development of the perennial 'grasses 
Andropogon moniicola. A, iriticeus and Jscliccmuni la.ruin on the 
liilly, j'oeky parts of the area. The tussocks of those grasses aio 
rapidly increasing in size and number and are pushing out A. 
rontarivs which previously dominated. A casual inspection of any 
loeljy part in the neighbouring country i-evonls all those grasses 
but never in tussocks of any size and always gia/ed flat to the 
ground. Given a chance, such as they have had in the fenced aiea, 
they will apparently increase enormously, and being perennial, a 
had year now and again will not kill them. 

(<1) In tho lower part of the fenced men, wheie lliero is deeper 
soil and where water is apt to lodge, we find a vegetation e-onsisting 
of Andropogon annnlatns, A. caricosux, Ischccmuni laxrnn and 7. 
Wiglitif, all dominant, with a very Mniill piuporlion of the origi- 
nally dominant 'Andropogon contortvs left. In this area also 
•survive the few descendants of A, pvrpurco-st'rii'ciin sown in 1920 
in the cultivated strip. 

(4) Tho succession in the worst areas appears to be tbc following 
one. Nostoc colonics, followed bj' the gratf,so,s Oropetivm tlwvwcum 
and Tripogon Roxhurglvianns, form the flislspbafio. Tben follows 
a stage in wliicb Andiopogon coniorins and .pucli ruderals as 
ISvolvulits alsmoides, and Indigofera species prcdoi^ipate. On tbe 
hilly and rocky areas, the next stage is dominated hy Andropogori 
moniicola. A, triticcus and Ischwmttm laxum, os above described. 
"Whether tho area on locky parts will ever get beyond this remains 
to he seen. Young Acacia tiiabica plants inaho vorj' slow growth 
and a climax of this plant is likely to he long in coming. The 
soil on these areas contains' in the flisf .six inches nhont 14 jier 
cent, of total water (ohresaid), including hoth capillary anil hygros- 
copic water, at tlie time when tho majority of the grasses arc in 
flower. This means 14 per cent, as calculated on the diy weight. 
Of tho above only about 3 per cent, is capillary water. 
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(5) We aie btill Bol Miffinienlly informed fioui our expei’iu»enl= 
a"} to tlie effect o£ burning, nor liave u'c studied the sjiecics minute- 
ly -with lefei-ence to their adaptations for escaping flio damage. 
Since the area is not fired there is a laigo amount of diy straw 
lying about •when the rains break. This is -washed into heaps. 
'Ondor these, vegetation is scanty or absent. While humus is thus 
added to the soil, thoio is a lomporaiy and local check of vegeta- 
tion in places whore the humus pile is too deep. This i& not, how- 
ever, sufficiently general to ho a serious ohjcclion to the pievention 
of hill uing. 

(6) Tho establishment of tussocks of peiennial grasses on the 
slopes of hills of shallow soil has undoubtedly begun to check ci osion. 

(7) Tho obvious difference between the grass inside and outside 
the fence, especially half-way tliiough the rains, i- striking. It 
is doubtful if the gra«s outside tho fence (apart f jom tho flowering 
clunis) ever leachc*- two inches in. height, being grazed down os 
it appeals. In the most favouied parts of the fenced area tin* 
grass is five feet high, and on the loelcj' parts it avoiages two feet 
for tho perennials. 

(8) Tho close study which the investigation of a limited aica 
demands has made clear to us that most of the wild grasses aie 
leprescuted ly sovcial sub-speoios. Tbc writer is dealing with 
one of these {An^rajiagon annviatu*) in another paper- A. con- 
tortus has shown two veij- maikcd sub-species, and other plants 
not glasses, notably jl5volviiltis alsinoi^es, ■diou similar divcisity of 
appearance. 

Ill the cstato of Government flouse, Poona, four plots dif- 
fering in soil but all domiuated by Andropogon contortus wore 
selected, and treated by lo-seeding with good wild grasses. In 
tlii« case tbc esisHag cover was completely extiipated by plough- 
ing nnd haiTowing. Tho gias'-es used for le-sccding wete Andropu- 
gon caricosits, A. moniioola, A. purpurco-scricctc^ (ns a nuiac crop), 
IscUtcnvum sulcatum, I. laasum, Tholcpogon elegans, n'nd AntJiis- 
tiria ciliala. Ifo weeding was attempted aftei sowing and the land 
was roughly fenced -with branches of Acacia atabtea. Tho lesnlt 
has been the complete ciadication of (.ho^old grasses and the estab- 
lishment of n good stand of peicnniol, grasses giving fiom 3,600 
to 4,000 lb. of dry glass according to tho nature of the soil. This 
grass was bought at Us. 10 per acre by the neighbouring villageis. 
The only objection to this foim of treatment is that on similai 
land tho villager would probably luise a crop of VanniscUtm ty- 
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phoidt inn, Tlu* (loiiUIi' uml pxpeusu ol tlic giass ‘•cofl 

for srjwing i*- also (soiibidoiahlc. 

Tafiotis oilier areas in tlio Pieaideney have been nioio cmsoiili 
investigated, but oU'ei many intensely interesting and 2 Ji‘ic-tical 
problems. I'or exaiuple, at 'J’eguv in the Dbaivar District ivith a 
rainfall of 40 to 50 inebos, Andropogon cotUotlits and Anilnstiria 
ciliatn giow in jiatcbcs, inulually exclusive, btif under Minilax* con- 
ditions. We do not know nliat favour^ either. A I liclgnuiu, on 
Intcritc toil, with an nnnna] lainfull ot 50 inche.', there exi*-ts the 
finebl ginss land that the writir hab Foen. Hero there tceins to be 
liflto doubt, that the oeeutientt* oi tbo endeniie weed t^cnccio 
belgaumt nsi^K is .in iudieafioii (hat ovei -glaring is taking place. 
At Kaiidivlee uo,ii llonibuj with a 7(J-iiifIi laiiifnll on faoil de- 
rived from trap, i\e iind gi.i'v land. Mi^-eeptilde of imjivoienieni 
and in dangci oJ ftoiiig ovei-i*un with Jjuntann. At Aliiucdnbad, 
with a SO-iuch min fall and n high sunmiei tempera tine, wc find 
ndiniinhle gra*- -lands bath on olay "oU vhoio Jt.ehn‘»>nm tugoiuvi 
dominates and on sandy loam where A ndtopogon unnnhittu i" 
supreme. We aie only at tho bcgimiiug «( such surveyb, iti whieb 
we hluill atldiipt to ctnrelalo tbe ejiceie* with their environment 
nnd see ^as, in tho Deeenn) uhat is tho best that iho environment 
will produce. •• 

The iinprevioii loft on awv minds hoth fioui out experience in 
ilomhny and fi.uu oiir reading of Ameriean, Australian nnd South 
African lifninturo h> that nil gi.»ss.hmds tan be enoiiooitsly ini- 
prowd in tho fii^st in«(tiin(o by loA nntil thet leeoter from the 
ahotninahio (loainient to wliieli they are noiiMally .stibjeet, nnd 
thereafter hr rolnlioiial graKing or cutling. It may lie ohjected 
that Ihi** means cither faneiiig tii a gi eater, degree ot oiganinatioii 
than the villagei eon atlttin, IJiit no cun Vjueie the case nt the 
village of Pinipalgaoii IhiMiant in tho Xasik. Disll'ict nhere about 
300 acres of pvtu'j-laud are adiniin'leicd bj tho village co-ojun alive- 
ly on the old pani'hiigiU system. Annually 200 aercs' aie set ajjorl 
for grnring mid GOO Im jutting, giiing enough and to spme ior 
all tho villugr e.iltJe. J''onr •watclmipii at l?s. 111 to 12 puj monsein 
wejo in 1015 kept tor the fix months nhen the grass aa«, on llip 
ground to jnviejit trespass. Thp pioblpin is ihexeiitrc soluble. Its 
aciontilio iiix psligatiim is well ivorlh whih-; itfi importauee u> 
ugricultuto, iaealeohihlc. 
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TULB nU'llOVElCEHT Or rODDER AED EOHAGE IM INDIA. 


6. NOTES ON MAINTENANCE EATIONS. 

BY 

G. P. QOPFI, 

AisisfatU, Imperial Bacteriological Lahoratory, MuJctesar. 

In 1914, Mxirray of Beading' published a formula by 'wliioli the 
available energy requirements for oxen of any given ■weight might 
be accurately calculated. In this paper Murray's woik has been 
extended, iormulte having been deduced for estimating the follow- 
ing additional requirements in the maintenance rations of oxen: — 

(1) Total dry matter. 

(2) Digestible crude protein. 

(3) Digestible crude fat. 

(4) Digestible nitiogen-free extract and digestible crude fibre. 

It is very necessary to bear in mind that all feeding standards 
are simply averages and approximations. The tables given are 
for guidance only and not as infallible prescriptions invariable 
under all circumstances. To use them for calculating pioduotive 
rations, i.e., growth, fattening, milk secretion or external work, 
will be to invite disaster. 

The requirements of animals from 2,000 pounds body weight 
down to 100 potmds body weight, by gindations of 50 pounds, are 
given in the attached tables. The two standards worked out are 
based on ” ‘Wolff’s Original Standard ” and Heniy and Morrison’s 
“ Modified WolfE-Dehmann’s Standard ” for oxen on maintenance 
rations. Two sets of figures for maintenance rations have bten 
worked out, because it will probably be found that the requirements 
for oxen and huffaloes are not identical. It may be found lliat 
Henry and Morrison’s standard will be adequate for oxen, while 
Wolff’s standard will have to be closely adhered to for buffaloes, 
but just how far the tables can he successfully applied to Indian 
feeding problems w'ill only be satisfactorily settled after a number 
of prolonged experiments have been rorried out. 
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While a ration may bo cliemirnlly correct, it can bo praoticallj' 
WTong, In sucli cases it is necessary to study tho idiosyncrasy of 
tin* uninial concerned, to oudenvonr to trace the factor or factor-i 
that are combining In sucli u manner that tlic animal in question 
is proving an exception to the gcnci’al rule, and not blindly to 
condemn tho chemists’ vrork. 

By tho term maintenanoo ration is implied tho food requirc- 
moiits of an animal which aio sufficient for its inniutcnanco in a 
state of so-called rest, r.r., in a sinie of tissue equilibrium •w’hcic 
it achieves no gain in body mass, nor excretes energy and tissue 
produeing substances, nor performs woi'k on its environment. It 
is obvious that tins slate is merely one of apparent rest for certain 
systems of tissues, for examjilc, tlic heart must perform actual 
work unromittinglj' while tho nniuial organism purvive.s. It is 
most important to keep this coneeption in mind, for the require- 
ments of the animal in a. state of maintenance arc wholly dift'orent, 
hoth in quantity and chaincter, fium those nocossniy for various 
classes of production. 

In a lation supplied solely for maintenance jmiqioses, tho essen- 
tial requirements are of Ibo folloiring order: — 

t 

(1) Puel, to maintaia n constant level of body temporatiue, 

and provide the energy required by the sysiems which 
function unroinillinglj'' for tho porformanco of their 
work. 

(2) Repair material in the form of nitrogenous organic mnto- 

i-ial to replace the ■worn out iissuo substance and 
inorganic salts to replace iUe‘ aniall but continuously 
excreted quantities of Iheso nccossary products in 
animal metabolism. ^ 

With regard to tho second of tbes*o desiderata it has been cal- 
culated that 0*5 pound of dige.stiblc jii’atoin is a sulhuient amount 
of nitrogenous organic material to provide in the maiiilenanee^ 
ration of on ox of 1,000 pounds body weight. However, it has 
been pointed out by numerous workers that it is not advisable to 
feed protein at the minimum oxporiiuentally estimated rale, 
hlcOollnm and Simmonds slate that certain phenomena obson'cd 
by them in the course of’ feeding experiments, when animals wore 
given quantities of the food essentials estimated to bo adequate 
but only slightly above the minimum requirements in protein, 




THE IMI'JIOVJJML^T 01 EODBEU AKD I'CEAGE IN 


25 


it may be true that tlie basal metabolism is not strictly proportional 
to, nor perlinp« (leteniiinerl by, tlie surface aroa, tlie fact remains 
that it is more neaily propor-tionnl to this area than to any one 
iaotor so far rliscoveretl. 

A large auiinnl, for example, ono of 1,000 pounds body weight, 
Inis relatively a smaller extent of body surface exposed tlian an 
animal of 100 pounds body weight, and consequently the loss of 
heat per unit of ma^s is greater in the ‘■mailer animal. The 
following illustration may help to make this point clear; a cubic 
foot of water weighs G2'tl pounds and has a surface aiea of (i 
square feet; while a enbo of water 2x2x2 feel would weigh 600 
pounds and have a surface ni'ca of 24 square feet only, i.c., while 
the area has imircascd only four times (he mas'- has inei eased more 
than eight times. 

If the fond requirements of animals of varj*ing u eights wore in 
strict projiorHon ,to their body weight, and it be assumed tlmt an 
animal of t,0fl0 pounds body weight leqnire.s tlmt quantity of food 
whoso value may be expressed as fi. tlien an animal of 1 pound 
would require (0 -i- 1,000, and for one of rfj pounds tbe formula 
would bo i)i jS '5-1,000). Wo have seen, however, from tlio studies 
of Ilubner, Hichol and 15. Voil that the food leqniromcnts of 
animals of A’arying weights do not follow the lino of strict pro- 
portion, therefore the .simple foimula given above must he discarded. 
It has been proved tlint animals of tenfold mass have nppi oxinmte- 
ly only fivo times tbo radiating sinfneo; tins, taken together witli 
other foots of a similar kind, would iudieate that their food 
icqiiiremonts will hoar a like relolionshi]). So the simple formula 
must be amended. Wlien the body weight is loss than 1,000 
pounds something must ho added to the proportional amount and 
when greater something must ho deducted. Another method of 
expressing the above oonelnsfon is to state that when the. mass is 
increased tenfold the fond should only he increased five times 
and vice versd. , 

The bulk of the maintononce rations supplied to faini aininals 
jnay be made of roug]mge.s. Wbere the. rougb ages are of excep- 
tionally good quality, concentrates will not be'ieqnired. 

The logai’iibm fonnuloi and simple fonnulaj dodueod and used 
in the preparation of tables given with this snimnary will, it is 
hoped, bo publi&bed in the near future. 
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E€ 


Wolff's Standard. 


Boi>y ■wEiaiiT 

•lOTAl. TJKY 
MATTEFl 

l>TGrSTIBl.E KT7TRIENTS 


Crcdi: 

FAT 

NmtocrK 

nsias 

£\S71AC7T AM> 
cnt7i>ii Finrc 

Pounds 

Found" 

Pounds 

Pounds 

Pounds 


* A, 

B 

c 

D 

100 

3-4 

0148 

0 029 

1-58 

160 

4-6 

0-197 

0 039 

2-10 

SOO 

G-0 

0 243 

ODtS 

2-59 

260 

60 

0284 

0 056 

3-02 

SOO 

7-6 

0 322 

0 064 

3-43 

350 

8-3 

0-359 

0 071 

3-83 

400 

9-2 

0 395 

0 078 

4-20 

460 

100 

0 428 

0 083 

4-66 

600 

10-7 

0-461 

0 092 

4-92 

650 

11«6 

0-493 

0 098 

5-26 

GOO 

12-2 

0-524 

0-106 

5-68 

050 

12-9 

0 665 

0-110 

5-91 

700 

13-6 

0584 

0-110 

0'2S 

760 

14-3 

0-ClG 

0-122 

6-63 

800 

14-9 

0 641 

0-128 

6-83 

850 

16-0 

0 669 

0133 

7-12 

900 

10-2 

0 696 

0-139 

7-42 

030 

16-8 

0 723 

0-144 

7-70 

1000 


0760 

0150 

7-09 

1050 

181 1 

0 776 

0 in."« 

8-26 

1100 

18-7 

0 801 

0160 

8-34 

1150 

19-3 

0 837 

0-165 

8-81 

1200 ' 

19-S 

0 852 

0170 

9 0S 

1230 

20-4 

0 877 

0 176 

9-34 

1300 

21-0 

0 901 

0180 

9-69 

1350 

21-6 

0 925 

0186 

9-88 

1400 

22-1 

0 949 

0180 

10-11 

1460 

22*Y 

0 972 

OlOf 

10-38 

1600 

23«2 

0 996 

0199 

10-61 

1650 

23-7 

1-020 

0 203 

10-86 

1600 

24-3 

1-012 

0208 

11-10 

1660 

24-S 

1-066 

0212 

11-34 

1700 

23-3 

1-097 

0 217 

11-58 

1730 

26-8 

1-110 

0 221 

11-83 

1800 

26 i 

1-132 

0 220 


1830 

20-9 

1-154 

0230 

12*20 

1900 

27-1 


0235 

12-52 

1030 

27-9 

1-19S 

0239 

12-70 

2000 

2S‘4 

1-218 

0243 

12-98 
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Table II. 


Modified Wolff -Lehmann Slandard, 


Body weight 

Total dry 
matter 

Piar.sTiiiT.Ti iiCTinrsTs 

Crude 

protein 

Cnido 

fat 

Nitrogen tree 
oirtrnct and 
crude fibre 

Poiimla 

Pounda 


Poiuidf) 

Pounds 


A 

B 

• C 

D 

100 

38 

0-138 

0-010 

1-38 

ICO 

4..0 

0-184 

0 020 

1-84 

200 

G-fi 

0-2B7 

0 032 

*>427 

2G0 

01 

0-26G 

0 037 

2-65 

800 

7*3 

0-300 

0 013 

3-00 

SCO 

8-1 

0-32G 

0 017 

3-26 

400 

SO 

0-3CS 

0 062 

3-68 

4C0 


0-400 

0 037 

4-00 

000 

10*4 

0-431 

0 001 

4-31 

C60 

IM 

0-400 

0 005 

4-60 

000 

ll'S 

0-499 

0-009 

4-80 

coo 

12-6 

0-G18 

0-074 

C-I8 

700 

13‘2 

O-GJG 

0 077 

5-4C 

700 

13-0 

0-671 

0-081 

G-72 

800 

14-C 

0-G08 

0 085 

C'98 

860 

IGl 

0-024 

O-OSO 

0-24 

000 

lG-7 

O-OSO 

0 092 

0-60 

9G0 

10-4 

0-076 

0000 

n-7C 

1000 

17-0 

0-700 

0-100 

7-00 

1070 

17*6 

0-724 

0-103 

7-24 

1100 

181 

0-7-18 


7-48 

1160 

18-7 

0 772 

' 0-110 

7-72 

1200 

10-3 

0-805 

0.-I33 

S-OG 

1260 

10-8 

D-8I8 

0-116 

8-18 

1800 

20 4 

0-8 J1 

O-lIO- 

S-41 

1350 

> 20 9 

O-SOl 

0-123 

8-Dl 

1400 

21‘G 

0-895 


8-86 

14S0 

22"0 

0-908 

0-120 

0-08 

ICDO 

22'6 

0 920 

0-132 

9-20 

1650 

23a 

0-901 

0-13G 

0-51 

1000 

23-0 

0-072 

0-138 

9-72 

1060 

21*1 

0-994 

0-141 

9-94 

1700 

24 >7 

1-014 


10-14 

1700 

2Ga 

1-030 

. 0-147 


1800 

25<0 

1-050 

0-lGO 


18C0 

20-1 

^1-070 

0-163 


1000 

20-0 

MOl 

0-150 



27*1 

M18 

0-1G9 

lias 

2000 

27'0 

1-197 



0-102 

11-37 
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II. PAPERS ON LEGUBIINOUS FODDERS. 

7. SOME 3>I?nELE:MR OF FODDER PRODDCTION JK THE 

PUNJAB. 

BT 

CoMNEi. E. UEARRT COLE. O.B., O.M.G. 

Tlie piodnction of IppinninoMS fodder in large qMan.tiliea in ilie 
Pnnjali, for llie pxiijioce ot feeding stock as clieaply ns po^Mblc 
and for ilie improvement of oi'nlde and pnslnio lands, is a nmtlei 
of swell iraportnneo tlint I s-cnhirc to call ationtion (o it. In 
tins vray only is tlie discussion and ccolinnsre of Aiesrs possible, to 
tlint we can advance onr knowledge and biing about prnotienl 
improvements. 

The slnd farm at Colevana’in the irontgoniery Dishiol of the 
Punjab is now worked on the following siv-veni rotation j — 

(a) Grass two years. 

(b) Crops tsro years — ^in the rain — oats, fhafial (Trifolium 

rrsupinatmn) and herserm (Tri folium nleirandrimnn)', 
in the hliarif—cltari (Sorghum vulgatc Pens.), guar 
((’i/ovtr>/)if-> ji^-'naloidc\ Dr*.), nnrlh (PTin'iPohn 
nconiiifolim .Tacq.) and innire. * 

(e) Ijucerno two years. 

Tn this rotation, the giass loaves pleniy of m-panie matter foi 
the eoronls fonts, chart, and mairo) and tho crops rlean the land foi' 
lueernc which jn turn leaves the soil rich in nitrogen for tho grass. 
Stable mnnuro is given to the gross-lands but tbeie is not nearly 
enough of this to go roirnd. This year, the light lands have bren 
greerr-rnanru'ed with tjuar and mnn (Ctoialarin juncca D.). 

Duceme is drilled in lines on elean land and r= kept free from 
weeds hy ritnning the country plough down the lines when the 
plant )s abont six rirclics higb. T bavo not yet Ircen able to triifl 
a harrow wliirh wtll do this work. After tho first rut, the comrtrv 
plough is run down again and then the crop is cross-harrowed 
with a spring-toothed crtllivntor. T ent the prop nitli a mower, as 
mamml labour is nrneh too expensive. Tn the cold weather months, 
when the outturn of lueerne is sniall, the cost of collection and 
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cocking is heavy as the horse-rake cannot pick it np easily. Tlie 
cost of lahonr is nl «!0 increased by (he faci tbal ‘the Ineei-no takes 
.several clays to tli’y. Tn the hot weather, tlie cjop is heas’j' and 
can be collected and dried in about thiity Ijonrs. Tlie loss in 
diyage in the cold weather is voi^' great. I eslimale that ten 
mannds of green lucerne yield one mmind of hay. In the hot 
weather, the loss is less and one inannd of ha 3 '- is obtained from 
five mannds of gi-een stnit. Lucome nsually seeds well at Coleynna. 
This year (1922) rain fell in early .Tune and spoilt a largo amount 
of lucerne kept for seod. The average jdeld of seed obtained in a 
normal year is about one mannd of cleaned seed per acre. In 1921, 
about three acres of land was ploughed up and tail seed of lucerne 
hroad-casted with some dhnman seed (Pennisetum oenc7vroide^ 
Rich.). Here the lucerne 1ms done much hetler than I over ex- 
pect^ and is now making quite a fair show in tlio gra'ss. Wext 
season, if I got sufficient lucerne setfd, I intend to disc my new 
grass paddocks heavily, where the roots are not matted, and put 
down the spare lucorne seed. I am of opinion that it will not only 
improve the feeding value of the paddocks btit gradually improve 
the grasses and incidentally add the necessary bacteria to the land 
by the time the paddocks come into the lucerne rotation. 

Shaftal. On the advice of Mr. Howard, I put down shaftal in 
1918 procuring seed from Banna and Quetta which, however, was 
very impure. In that year, X simply hroad-casted the seed on 
the flooded grass-lands. It came up fairly well and gave valuable 
feed for my horses, but we were able to raise only a few seers of 
seed. The gro'ss was distinctly improved in quality by the 
shaftaJ. I have now come to the conclusion that it is better to 
disc^ the grass-laud and even cross-disc before broad-casting tlie 
shaftal seed. This is done with the IiitornntioDal tandem disc 
cultivator and tractor. Tlie outturn of shaftal is considerably 
increased and the subsequent grass crop is much improved. Early 
in April when this gras.s-land shaftal is over, the lands are again 
disced to open up the. soil and help the grass forward. T. do not 
expect to get seed from shaftal .sown in this way. 

I have tined for several years to obtain seed from this crop 
when sown in well-worked lands but without success. About the 
middle of April, the leaves of shaftal turn red and the plant seems 
to get scorched; once this occurs, it appears to he useless to attempt 
lo help it by watering, in fact the crop seems to me to behave like 
American cotton, if a very regular and plentiful supply of water 



30 THE lUPnOVElIENT Or roDBEH. AND rORAGE IN INDIA 

can be given and tlie sliajtal can be Icept from getting xed leaf, I 
believe one conld gel seed. I intend to try this on a four-acre plot 
of very good land tbis year. 

The cost of shaftal seed varies from Us. 22 to Us. 32 n mntind 
for an ailiclo wbicli contains about forty per cent, of impurities. 
If this very necessary fodder is to succeed in tlic Punjab, some 
means of growing our own seed must bo discovered. We get 
tliieo to four cuts a year and tlien lav up the crop for seed. 

ScTseem is a very good fodder, yielding one niaund of bay for 
evojy nine or ten mannds of green ciop. I tliink, on the wbole, 
it is a better fodder tban fJ/n/taJ. It prrows well and gives certainly 
tliree cuts on well prepared land, but again tlie difficulty is to 
procure seed, though it is easier ilian in tbe ca^o of shaftal. 

Tlie seeding of these fodders — shaftal, hrrsrpm and luoBme — 
is greatly affected by the season. Ijast season finS21 was evident- 
Iv a b'ld seed veni, ns Uannu and Peshawar weie vei-v short of 
shaftal seed ; lint we do not know why tbe seed formation is affected 
by the season. N'ormally, I expect to produce lueeme seed fairly 
easily, but wo liayc to learn bow to make shaftal and herseem form 
seed, and until we can do so, growing them on an extended scale 
is not possible. Provided tbe seed diffieullv can be ovoreome, 
shaftal and hcr^eem sbonld replace srnjx {McliloUts tnHica and 
Kf. alTta) in those parts. Spnfi only gives one cut and i.s not nearly 
such a good crop for the land as the other two, hut it has one 
advantage, it needs less water. In any attempt to replace ."cnfi 
hy shaftal or hprxpcm. ono must lie prepared to gamble on the 
water supply. If it is short, one will lose and get a small outturn . 
with winter rain and a fair supply of water, there will he a distinct 
advantage. 

There are several indigenous leguminous plants in the Punjab, 
which I oonside" might ho made more use of as fodder. One of 
these — Hhi/nchosia mintsna DO. — which grows among cotton and 
climbs up the cotton stems has attracted mv attention. Horses 
eat it greedilv. I am Irving a small plot this season. Tlie seed 
germinates in September and is readv to cut in .Tanuaiy. Kaioari 
(Lathyrus Aphaca h.) a kind of vetch which grows in wlient and 
lucerne might .also he useful. 

Kashmir, T found a small wild varietv of lucerne giowing 
on hard rocky soil on the southern face of the TaJrht near Srinagar, 
and was able to secuie a little seed which I hope will germinate 
at Coleyana. This might become useful on grass-land. Ip 
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Srinagar, Gnlmarg and in tlio'Sind valley, there is a large amount 
of irhat I believe to be wild white clover. Unfortunately, I was 
unable to procure any seed as it was too unripe to pick. A large 
quantity of seed of noxious plants such ns thistles is brought down 
from the hills by the rivers and the plants thrive luxuriantly in 
these parts. Sometimes chicory is brought down. H snob seeds ■ 
can come and live, perhaps useful plants might be acclimotizod. 

If we can induce the wild while clover or the wild lucerne of 
Kashmir to live and spread on our grass-lands, it would help 
matters very greatlj'. Some years ago, I put down a small quantity 
of Sutton’s white Dutch clover. Tliis survived one hot weather. 

Lucerne, shaftal and herseem can all be made into very valu- 
able hay, but the dryage is great — eighty -to ninety per cent. — so 
it is hiora economical to feed green. In m3'^ cose, however, hay is 
a necessity, and I dry and stack at once all green fodder not fed 
off, I have baled some very good lucerne and shaftal. These 
haj's have to be veiy carefullj'' handled in moving from the stack, 
as all the leaf, the most nutritious part, must bo saved. I there-. . 
fore have it cairied to the feeding trough in sacking. 

What wo require badly in this countrj' is more information 
on the feeding value of the piincipal indigenous forage plants 
such ns dooh (Ot/vodon daciylon L.), dliamaU {Pknnisetnm cen- 
chvoides llich,), jhaneioah or pahoan {Andropogon anmtlafus ForsJe.) 
and chimbari {Bleusine flagellifera Kecs). Chimhari is the local 
indigenous grass in this localitj' and existed on the dry-lands 
long before the advent of the canals. It must be remembered that 
this Montgomery Disti’ict has i>roduced one of llie finest hfeeds of 
caiilo in India and these existed entirelj’- on this grass. Chimhari, 
however, is a rains grass and seems to die off under irrigatiofi, 
being replaced by dhaman whicb again gives plbce to jhaneioah 
(palwan). Both dhaman and jhaneioah give iray, when 'doob 
appears. 

I had great hopes of being able to foim permanent pastures on 
my irrigated lands,' but the niunber of weeds brought down by 
the canal water makes me vorj' doubtful regarding the possibility 
of this. Some of my pastures hare become so foul from weeds 
that ploughing np has become imperative. Heavy discing seems 
to improve matters considerably. I would very much like to hear 
of the experience of others regarding this question. 
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8. AN lilPROVED METHOD OF LTTCBRNE CULTITATION. 

BT 

ALDERT HOWARD, C.T.E., M.A., 

Imperial Ecanomie Jiotanitt. 

The pTCB<)aTO on the nvoa of land nt the disposal of the Botanical 
Section of the Pnsa Research Institute, has suggested intensive 
culth'ation ns a partial solution of the difficulty of growing the 
large amount of seed required ns well ns the fodder needed bj’ the 
work cattle. Several eiops, including lucerne, arc being studied 
with a view of discovering the best methods of intensive cultivation 
b}* which the largest possible yield can he raised from a small area. 
Afterwards, fuithcr improvements, by the methods of the plant 
breeder, can be undertaken. The results so far obtained prove 
conclusively that real success in fodder growing depends very 
largely on a knowledge of the morphology and physiology of the 
plant cultivated as well as on the selection of suitable varieties. 
It seems probable that fodder growing in the future in India will 
split off from general agricultuie and become a specialired branch 
of tbo subject. Largo quantities of fodder are required in India 
near the large cities for feeding buffaloes and cows, work cattle 
and horses. In such localities, land is scaice and dear. Green 
fodder is bulky and expensive io transport so that it cannot be pro- 
duced successfully at great distances from the centics of population. 
The difficulties of supply can ho met, in part' at least, if really 
large crops can bo obtained from a small area. The results ob- 
tained with lucerne at Pusa indicate that a solution of the urban 
fodder problem by means of intensive agriculture is quite feasible. 

Lucerne, as is well known, is an important perennial fodder 
crop and is cultivated all over Die world wherever the soil and 
other conditions are suitable. Both the green fodder and the 
hay made from it are ridi in albuminoids especially' if the leaves 
preserved. The following analyses of lucerne hay made at 
quotta show how important it is to preserve the leaf, 
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Baled luoome 
(leaves intact) 

Bucemo ropes 
(loaves par- 
tially dcs. 
troyed) 

Sloisturo . 






314 

6-00 

Kther c'ctrocfe (fats) 






3-32 

2-00 

Albummoid*! . 






16-4R 

11-71 

Soluble oarbohydratos 






40-30 

43-87 

Woody fibre , 




• • 


n-io 

27-05 

Soluble tninoral matter 


• 


• • 


11-83 

S-10 

Sand . , . 


• 


• • 


2-23 

0 47 





Total 


100 00 

100 00 

Albuminoid nitrogen 

, 


• 

• 


2-48 

1-87 

Total nitrogen 

. 


• 

• 


2-98 

2-10 

Albuminoid ratio . 

• 

• 

• 

♦ 


1 s 3-3 

1 : 4-3 


Las anolLer great advau 
elds abundant fodder 


in 


Besides a Ligli albuminoid ratio, lucerne 
tage wLen grown in the plains. It y^e 
March, April, May and June and again*in ]N‘oA"eniber and Decem- 
ber when other green food is scarce. Thi8-^.^s a great help to the 
Indian ox, whose existence can be described as one of short 
commons with interludes of abundance. v 

The choice of variety is a very' iini>ortant matter 'in lucerne 
cultivation. The first trials at Pusa were made with Kandahar 
seed. This varieiy is admirably suited for the high temperature 
of the frontier valleys but it does not grow well at Pusa during 
the cold weather. The well Jinown Hunter valley lucerne of 
Australia was then tried next to seed obtained from the seed farm 
at Kalianpur near Oawnpore. Both did exceedingly well, but the 
Kalianpur variety proved the better of the two. 

The usual method of growing lucerne in Bihar is on ridges 
with channels between for irrigation. Q’he disadvantages are that 
the yield is low, the volume of irrigation water required is veiy 
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large, a good many ireedings are necessary and the plant dies out 
during the hot weather probabty on account of the baking of the 
surface and the high soil temperatures. This system has been 
given up and lucerne is now grown on flat beds, two feel wide with 
irrigation channels, one foot wide, between the beds. The seed is 
sown on the beds and in the irrigation channel as well, so the stand 
appears to be continuous and no bare ground is visible. This 
increases the yield, preserves the texture of the soil, saves a large 
amount of water, and also reduces the cost of weeding. Furthei, 
the stand survives the hot uealher and the lains and is efficient 
for a second year’s growth. The plants in the tieuches, howevei, 
die out during the rains. The heavy monsoon of 1922, which 
amounted to 62*30 inches at Pusa, hud no harmful cJlcLt on the 
lucerne grown on flat beds. In the inins, the irrigation channels 
act as drains and greatly oesi*.! in'mnintniniiig tho aeration of the 
«oil. 

The yield of giecn toddoi obtained 1>\' the flat bed fej’-slem iS 
voiy largo. A plot sonn on October 20th, 1921, gave eight cuts 
up to July 11th, 1922, at the late of 70.000 lb. to the acre. The 
uianuio applied uas 20 niaunds of powdeicd lape caKc to the 
<>cre. Such a result, liowever, is little raoic than a beginning and 
it is expected that the number of cuttings and the total yield 
will be considciably incicased by the application of light dressings 
of loaf compost (made on tho Ghinosc system) to the beds and 
trenches. The first results obtained by this tientment promise 
u ell. The increase was nhoul fifty per cent. 

Tho intensive cultivation of lucerne needs uatei. lion can 
this be obtained in ordinary practice? This question has already 
been answeiod. At the Uangaloic meeting of tliis Oongicss jn 
1917, a papei was'^road entitled 77io affricultnial (Icrclopmeni of 
North-We^t Imlia in which it was suggested that tho water neces- 
sary for the extended growth of leguminous fodders — such a® 
luceruc, shajtal (TrifoUvrn resupinatuin), herseem (T. aJexandri- 
mnn) and senji {Mehlotvs indica and M. alha) — could be ob- 
tained by using less water for wheat. This subject has since been 
further developed in Bulletin 118 o£ the l^isn Institute entitled 
The saving oj irrigation icatcr in uhcat growing. 

One of the greatest advantages of lucerne in the plains is that 
it can ho made into exeellcnt hay wlrich is easily stored for use 
rn the rains. I have here two samples of lucerne hay, made by 
the staff at Pusa in the ordinary routine, one which has been kept 
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looso ‘for tm'o years, the other made lost month. It "will be seen 
that the colour is good and that there is no loss of leaf. The 
great thing to prevent loss of leaf in ha5' making is to turn the 
crop when there is a certain amount of dew on it and to complete 
the curing process in long heaps made with the butts outward and 
the lips towards the centre. After the hay is made, it can bo 
stoi'ed or carried direct to the ohaif cutter and the diopped hay 
mixed with hhtisa. The hhvsa serves to protect the lucerne from 
loss of leaf during storage and subsequent handling. 

.The haling of lucerne hay for Armj' transport purposes in a 
di‘y climate like that of the Quetta valley is not an easy matter. 
It can, however, bo accomplished by damping the lucerne over 
night and covering it wilh a tarpaulin. If fed into the press just 
at the right stage, the bales keep ■w'ilhout damage. The great 
thing is to use the minimum amount of moisture needed to prevent 
powdering. An easier way of baling in sucb localities is to pul 
tho damped lucoi'no hay through a chaff cutter and mix the product 
with hJmsa. Tho mixture is easily pressed. I have hero samples 
of luoemo pi'cssed in both these ways tnlcon from hales made iJi 
1918. Since that date the hales have boon kept at Pusa on an 
open vei-andah. 

There is one diflicully wliicli will have to bo solved before crops 
like lucenip and herseem can bo taken up by the people. This fs 
the seed supply. At prcBent seed is d<*av, scarce and often un- 
satisfactory. I/ucerjie sets seed to some extent in the Ptinjab ajid 
the United Provinees but very little seed formation takes place at 
Pu«a. Tho difUcnltics with regard to the seed sripply of berscevi 
are even gi’ealor. The conditions necessary for seed formation in 
these crops are being worked out at Pusa and the results will be 
published in due coiu’se. Once the seed supply cun be arranged, 
tho cultivation of these important fodder crop« .should spread 
rapidly in many parts of India, 



31) 


•1111, lAU’ltOVJ,a^L^X 01 lODDKtt AAU IDltAGU li> l*»lA 


9, l'’ODDEK GltOWlWG IE lUiliATlOE TO UOTTOE 
CULTIVATION. 

BY 

B. 0. BUllT, M.B.E., B.Sc., 

Ucctclary, Indian CenUal Cotton ComvitUce. 

TLo iuiiciioii of loguminous rotation crops in innintainiiig ici- 
tility in India, wlieio so little is done in Ibo way of niainiiing, is 
not nhvn 3 ’s fully jcnlizcd. The cultivntoi in most parts of Northern 
India, hon over, has lonnit this principle by experience, and in the 
United Provinces and Bihur it is ■undouhtcdlj* a must important 
factor in determining liis lotations. In the United Provinces, 
jotrui {jSoM/hum vtilyare) and iji Bihar, maize, arc laigely giown 
uiixud with aihat' {Gajanvs indtciu), while in many' paits of India 
the gioning of arhur \vilh cotton is extiomely common. In the 
United Pioviucos and Bihar, the lecupoiatixo cilcct of the deep- 
looted aiJiar ciop is piobnhly an impoiiant factor in deteimining 
the area of maize and joicar grown, since the leguminous crop 
dovclopos after the ginin Oiop is lemovcd. 

The most marked case of the mninicuauce of foitilitj* in cotton 
cult i't at toil bj- the use oi a leguminous catch ciop is, however, seen 
in Egyj’l '"heio herseein (Trtfoltuni alexandnnitin) giown with 
cotton is 1 general feutuxe'of the agricultni'o of the counti-y. In 
Egj'pt ns in India, tlic'destiuctiou of organic matlci in the soil 
takes place lapidlj*, and in both countries oiganic manure is scnice 
but, unlike India, tbc cotton yields in Egyjit aie by far tbe highest 
in the world. j t 

One of the rccommcndulions in the ltci>ort oj the Indian Cot^n 
Cominiltcc was that more nttcuiion should bo paid to leguminous 
catch croiis in cotton groiving tincie. In most parts of Northern 
India, heneem, tha/Ud or senji nil grow well and yield very 
piofitable ciops of fodder of enormous value to both work and milch 
cattle at a time when tbe ordinary foddci available is wheat bhusa 
or barley sUaw or the di'y stalks of the millets — none of which can 
bo called highly nutiitious. 'I'ho iiractical dillicuHy usually met 
with in any attempt to increase the area under such* catch wops is 
the supply of inigation water. All these crops in the caily stages 
of their giowth lequirc consideiable amounts of water at a time 
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vrhen the demand for water, parliotilai-ly for wheat, is high. The 
canal supply being limited in most cases, the problem resolves it- 
self into either putting smaller areas under wheat in order to grov 
leguminous fodders or raising the wlieat crop with less water. In 
some tracts both of these mensmes would be sound, in others one 
is limited to the second. It is probable that in new canal colonies 
the present system of agriculture includes too large an area under 
wheat in each year, and that an equal production of wheat could 
he obtained on a smaller aiea with better cultivation and a smaller 
cxpenditui'e of water. In the older canal ti-acls, there is less reason 
to believe that the area devoted to wheat growing is excessive but 
there is still room for economy in waloiing. Many years' results 
at the experimental farms in the TTiiited Provinces, particularly at 
Oawnpore and Shahjahanptu', have shown that with ijroper timing, 
heavier wheat crops than the average cultivator has over dreamt of 
can be raised with two-thirds of the water which he generally uses. 
With a more etheieut use of canal water, both the yield per acre and 
the yield per cuseo of iridgatiou water could he materially increased. 
The water saved could he used for leguminous fodder crops which 
in turn, by helping to maintain soil fertility, would furthei* 
iiicieose the dividend on tlie water used, whilst the better feeding of 
milch and work cattle thus made possible would raise the whole 
standard of village life. The secret ol the economical use of irri- 
gation water is timely application, and this involves either control 
of the water, as when a cultivator has his own well, or certainty as 
to when it will be available. The di^teibution of water in a large 
canal system is no simple matter. IPi ogress would probably be 
more rapid were the water requirements .^f the various crops better 
understood. The problem of the future will not be to irrigate the 
largest area per unit of water, uor even to rnis'e >the most revenue, 
hut to get the greatest return in agricultural produce; 
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- SYLHET. 

BX 

- S. K. MITBA, M.S., Ph.D., 

Economic Botanist to the Goveimnent of Assam. 

Prelimiuai'y experiments on the growth of lucerne appear to 
show that this crop can he successfully grown in the well-drained 
soils of Assam. It is hoped to continue these trials. 
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III. PAPERS DEALING WITH SPECIAL TRACTS. 

11. THE PODDEH PROBLEM IN TRAVANCORE. 

OT 

N. KTTN.TAN PH^jAI, M.A., B.Ke., Pli.D., 

JJtrcclot of Agrtctiltiae, Travancore, and /^lestdont of the HecUon 
of Agiicvlture, Indian Science Congicss, 1923. 

litnancoJC, like the lesl ol India, is csscutinlly an ngi’icultui ul 
counti"}'. Tlic State has a ijopnlation of a little ovei- four million, 
and of these noailj" throo-loniths arc dopcndonl upon agricultui o. 
The total uica of the State is uhout lour and a halt million acres <>1 
which nearly tno million acics aie under cultivation. The im* 
enUivatod lands lie mostly in the iuncccbsihle intoiior parts of the 
count ly and fonsist to a gie.«l oAleiit of lesorved forests. The 
littoral and fauh-inontune tracts, wheio thoie nio oxienEivo systems 
ot natei .ind load comniuniontions, have been almo&l completoli 
liiouglit undei* eiiltivalion. These regions aic also the most tliickly 
populated poitions of tlic eountiy. The density of population in 
Trai.inc oie is 525 to the squaio mile, wheioab it is only 177 in India 
.iiid 414 in the United Eingdqm. Practically the whole population 
lives in the littoinl and sidi-inoutane iincts, and it is there that 
.igiiculture has also devcloiJod to the laigest extent. 

The cattle population of Tiwaneore according to the last census 
is about tiD3,000. This gives an average of 20‘2 head per 100 acres 
of the total area aud 45*2 jiei 100 acres of tlio cultivated aica. 
Compared with the Uniled Kingdom and other Western counh’ies 
this is a soiitvwlial high proportion. The majoi poition of the 
cattle poxmla'tion in Txnsancore, as in the case of the liuinnn popu- 
lation, is coniinod to the littoial and snh-montnno tiacts whore most 
of the lands aio occupied hy food crops liLo paddy or conuncrcial 
crops like coconut and where theie is hardly any pasture for cattle. 
Cultivation of fodder ciops is not in vogue in any uavl of Trasan- 
coie and stoll-fccding is only rarely practised. There is only one 
fodder which is common thioughout the country and that is idee 
strnw. Its nutritive value is much less than that of fowar ot maize 
stalks, and yet this is the one fodder which maintains practically the 



I’afe iMpnoTJarENr or roD»iai and ronAoh iw indiA. - 39 

whole cattle population in Trarnncore. Plough cattle and carl 
biillocks arc occasioiinlly given some cotton seedj horse-gram or 
tamarind seed. But this is considered a luxm'y which is indulged 
in only by the well-to-do iarmers. The lack of suificient pasture, 
the absence of fodder crops and the inability of the cultivators to 
stall-feed their cattle are the chief factors that contribute to the 
deterioration oi cattle on our coast. In addition, the climate is 
against us. The heavy rainfall, which i-nnges from SO to 200 
inches and more, is not conducive to the healthy growth of cattle. 

' No wonder then that fhe cattle on the Alalabar coast arc thin, 
puny little creatures hardly able to pull oven a good indigenous 
wooden plough. Befoie any attempt is made to improve the breed 
of cattle it is essential to solve the foddei* problem. 

A^'orious experiments ate being conducted by the State Agricul- 
tural Department with a view to aarivo at a solution of this pro- 
blem. 'i'he cultivation of joxoar has been tried, but it docs hot grow 
well ou inferior latcrite soils, and (boie is no good land available 
for the cultivation of fodder crops. Atoieover, if jowar is cultivated 
at the commoncemont of the monsoon the grou'th becomes stunted 
on accouiit of Ihc heavy downpouis, and if cultivated towards the 
middle or close of the monsoon the crop does net as a rulo mniuic 
without artificial irrigation which is neither practicable nor profit- 
able in Ti avancore. The next attempt of the Department has been 
to grow glass on lands which are not fit for the cultivation of 
Oldinary crops. There are a uiunber of local species of grass grow- 
ing wild on waste lands, but they arc rallier course and the yield !«• 
comparatively small. Durbig the hoC^iSoason, which lasts for about 
five months, all these grasses dry up. ^'X'he Department has, how- 
ever, experimented on the cultivation ot Guinea gra6'<, und this has 
proved a success. It grows even on poor land and tlie growth is 
luxuriant if snine farmymd manure is applied to the soil. If 
irrigated it will grow throughout the year and ono outLing can be 
taken every munib. The average annual yield of fodder will then 
amount to fifteen to twenty ton*! per acre. In Tranmeore irri- 
gation is lather difficult and hence the crop has to depend upon 
ruin alone, in wliicli case about seven to eight cuttings can he taken 
iu a 5 'ear and the yield will average about twelve tons per acre. 
Gruinoa grass is a good fodder for all cattle and particularly for 
milch cows. It oontaius about nine per cent, of carbohydrates and 
3‘6 por coni, of proleids and has an albuminoid rnlio of J : G. The 
cultivation of Guinea grass is being oncouraged by the Agricultural 
Department and is being taken up by the people. 
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Prickly-pear grows wild in some pnits of Travnneor'e, and the 
possibility of utilizing it ns foddci Las been investigated by tbe 
Agiioulturnl Department. A feeding experiment with prickly- 
pear uas conducted last year ivitli distinct succc'-s. The variety 
tried was Opuntia elatior. Ten dry cows weio fed witL it for a 
peiiod of five montLs. It contained 0 5 per cent, of etLer extinct, 
14‘25 per cent, of cniboliydratcs and I’O per cent, of protoids with 
an albumiuoid intio of 1; 8. The llioriis woie first burnt over a 
smokeless fire and the unbuint portions were pulled out with, pin- 
cers. Prickly-pear, thus freed of its tbornfi; was cut into small 
pieces and mixed with some cotton seed. The mixture was ground 
and was tlicn fed to cows. Por tho first few days the cows showed 
some reluctance to cat the stuff, but later on they began to like it 
and ate it ciuitc well. At fiist, each cow was gi\on 8 lb. prickly- 
pear and ^ lb. cotton seed. Gradually tho quantity of i)i ickly-peni 
was increased until it icachcd 10 lb. pei day. One cow alone deve- 
loped diarrhoea. The rest had no tiouble whatsoever and they' 
maintained Ihoii condition and health well. Besides prickly'-pear 
and cotton seed, the cows woic given ns much rice straw as they 
could eat. The cost of collecting and propniing prickly-i»eni came 
to one anna pei head pei day, and the piire of stinw and cotton 
seed to about 8 annas poi head per day. Thus, at a cost of 3 annas 
per day it was found possible to maintain a dry cow in good condi- 
tion by feeding her with prickly-pcnr, a small quantity of cotton 
seed and as iiiucli stiaw a.s she could eat. Prickly-pear is, there- 
fore, a cheap and effioient fodder. Its use ought to be more widely 
known, and whcjovci it is available it ought to be fed to cattle. 
One gieat advantage of prickly-pear is that it grows even on tho 
poorest lands in thc^ driest regions. There is also a thornless 
variety of pricklj'-pear. A fow plants of this variety liave been 
pioourcd and nrC being grown by tlie Agiicultural Depaitmonl. 
If on oxpciimeui this variety is found to be a good fodder, it is pio- 
posed to recom’mend its cultivation on nil waste lands whicli cannot 
be used for the cultivation of ordinary crops. 
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12. THE IJfPllOVEMENT 6E EODEEE AND FOE AGE IN 
TDE COIMDATOEE DISTETCT. 

ht 

K. TJNNTlTRISnNA KENON, 

Assista7if Director of Affritvlfure, Madras. 

The Diflfricf of doimhalore is nn agriculhirnl tract which has 
llip hcnclit of honi moiisonn*!. Tt po'Jso'sses extensive dry lands 
((‘ontaining a good peiccjilngc of lime) as veil ns fores! areas. Tlic 
District is distingtiishod for its breed of cattle sx'hicli supplies draft 
animals to a verj' considerable portion of Southern India. Sir 
Frederic Nicholson estimated tlie number of horned animals in this 
District, as 000,000 in 1885. The number must bo at least a mil- 
lion now. Taking 18 pounds of straw as the overage daily con- 
sumption of an animal, 3 million ions of dry fodder would bo the 
nvorage annual reqxiirements of the Dishdet. The area under 
cereals and pulses is 1*855 million acres and, at half a ion per aere, 
ihe straw obtained will not exceed one million tons. The balanec of 
two million tons bn«, ilioroforo, to bo made up. The one and one- 
ibird million neres of forest area in the District is not all grass- 
land, nor is gracing available there for more than four monllis in 
the year. Furlhor, all the rattle in tile District ennnol bo drh*en 
into ibese areas. TIio meagre supply of weeds cnl from ilie Imnds 
of wot and garden lands or removed'-from dry lands is negligible. 
TI1U.S llioro is a pronounced deficiency 'qf fodder. Tbo extension 
of flio area under money rrrfp.s Kto cotton liiul castor bas added t«t 
file difficulty, TJjc practice of leaving tbo margins of garden and 
diy land for pasture bas gradually given way nnticr tl»e stress of 
an increasing population and the pressure of culL^ivntion. That 
the ryot strives liis best to tend his caitle is, howevtir, undeniable. 
In order to snpplemonl; the low quantity of bulky fodder available, 
lie feeds cotton seed and oil cake to bis work and milch animals 
while they are sorvicoable. The shortage of bnllsy fodder is also 
partly met by growing varieties of Sorghvm. 

The following suggestions for tho relief of ibis condition of 
fodder scmcily seem possible of exceulion, Rnine of the land under 
■yell irrigation should bo used to grow an o(f-sonson cereal fodder 
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eiop. It is time that the iDtelligeut ryot should make up his mind 
to give up a precarious and uncertain seasonal grain crop and grow 
a fodder crop of Sortpmm in its place. To inciease the vegetative 
growth of such n crop the field should be fairly well manured, the 
crop should he sown voiy thickly, and care should he taken to choose 
the right varietj* for the season. In the case of a fodder famine, it 
IS necessary to gfrow a short duration fodder crop even though it is 
less piolific. Por tliis purpose a fodder crop of taff grass {Panicum 
miliare) or the like may ho used. Crops which are almost perennial 
like Guinea gi'ass should also claim a portion of the garden land, 
the extent of which can only he decided hy the avnilahle ‘irrigation 
facilities. It would not matter much if this g^ass were to oust some 
of the poorer grain crops. Guinea grass has yielded ahout thirteen 
tons per acre per j^ear for over nine years on the College Farm at 
Coimbatore. Another useful crop of this sort is the newly intro- 
duced Elephant (Tfapier) grass which even on poor lands has yielded 
more than thirtj' tons per acre per‘year. These two grasses may 
very conveniently he raised on river hanks and thus serve the 
double ptrrposc of supplying fodder and preventing erosion. 
Lucerne stands a good chance of extension in garden cultivation as, 
while supplementing the fodder supply, it can be used as a suh- 
-titule for a portion of the concentrated food now given. 

In dry lands, under present conditions, it is not feasible, except 
by voluntary effort or by education, to limit or reduce the area 
rtnder the non-fodder-yielding money crops.* There may he cases 
where a ryot would he well advised to leave the land fallow for 
grazing in preference to raising an nrrromunerative grain crop. 

The cultivation of pulses like PJiaseohis aconitifolivs, cow- 
gram, Dolichos Lahlab, etc., as mixtures with mo'rc exhausting 
grain crops like Sorghum, might he encouraged. Some of the 
American varieties of cow-gram do well as fodder crops and they 
also tend to enrich the soil. In the poorer soils, however, horse- 
gram is the host fodder crop. These pulses should he cut when the 
pods are full grown and the stems no longer succulent and difficult 
to dry. The practice of sowing san-hemp in a standing wet land 
paddy crop a few days before harvest to serve both as a green 
manure and a fodder is also worth recommending. In almost all 
conditions scr/i-hemp grows well after paddy. After the first out 
is taken for fodder, the stubbles sometimes yield another crop 
which cair be ploughed in as manure. Even if the growth from the 
stubbles is not heavy owing to an urrfavourable season, the roots 
imbedded in the soil have added considerably to the fertility. 
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Tl>ero are hardly any pantiivo arcu^ \7orlh mentioning now loft 
owing to Iho oncroaclnnont of cxiltivnlion, and it is impossible to 
satisfy tlio popular cry that Xrovenuupiit should create facilities for 
increasing the grassing area'i. The demand might to some extent 
be me! by reviving tho practice of granting the concession of grass 
pattas for lands under dry assessment. Tliis consists in a conces- 
sion of assessment of one-fifth in the total dry area the ryot owns. 
Tho enio 3 'mont of this i educed nstessmont is not for a particular 
piece of land but is given if tho ryot puts one-fifth of the dry area 
into glazing. This on&tom was prevalent ns late ns 1880. To 
devote some land mainly to grazing put poses may seem unecono- 
mifcal, bxit the fact that it gives the land a fallowing which affords 
opportunities for iceoxiping the fertility might he talceu into 
aftcount. If the same pioee of land also pu-^lnins a mimber of farm 
nninmls, ii has ceived two, by no means insignifieant. purposes 
Provided land is available, it is also advisable to grow white 
Acacia liee.s to piovide shade and slin.v pods for rattle. "Wliile 
these trees jdeld both fuel and wood for implements, llio presence 
of a few of fhoni scattered in a field does not prevent the occasional 
growth of a pnrelj'- diy, yet economical, grain crop. Such djy 
lands, when taken up for cultivation, might be sown with some 
slow'-grhwing grass seed in addition to the groin. Kohtlcattni 
(PennisctU'iv cetXohrouJcs) is a useful crop of thiA class. 
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13. EMPHANT GRASS OB, NAPI'BB GB-ASS {PENNISETUM 

PURPUEEUM). 

Bfr 

• K, UliTNIKBISHNA MENOB, 

Assistant Director of Agrio-itlUire, Madras. 

The \iwnl crop gro'wn for fodder in^ Madras is oholam 
(Andropogpn Sorgliwn^. Different rarieties are popular in different 
tracts, namely, Irungu in Tinnevelly, Periyamanjal in Coimbatore, 
CheruTtu Patclia Jonva in the Tehigu districts. i?an-bemp and 
horse-gram are occasionally found as fodder crops in some paits 
of the Presidency. Of the many exotic crops tiied, Guinea grass 
for some time s^mod the best perennial fodder. Trials srere. 
hou'ever, made later’Tvith other varieties of grasses and the results 
obtained so far shosr that Elephant grass is very promising. It 
has been found to grow well in comparatively poor land where 
Guinea -grass failed to give good cuts. The growth depends, how- 
ever', upon the manuring given, and this factor determines tho 
number of cuts per year. 

Elephant grass is a native of Bhodesia, and experience on the 
Central Earm, Coimbatore, shows that it is best propagated by 
slips. A well-manured soil of good tilth is necessary for its success- 
frrl cultivation. Tiro best plan is to divide the field into ridges and 
frirrows three feet apart. Tbi^ slips, eacli with some roots attached, 
must ho planted three feet dpnrt in the row on one side only of 
these ridges. The crop can he irrigated by means of the furrows. 
A certain amount of -weeding must be given in the early stages 
W hen the grass has grown sufficiently ihich and high to rover the 
ground, it snppi esses and checks the growth of weeds. Thirty 
to fifty eaitloads of cattle manure per acre to the land is a 
jnoderale application. Ruhsequent manuring may he given at the 
lato of^trn to fifteen eaitloads per aoie twice or thrice a year. 
With a ifiirly satisfactory supply of water, a cut can generally 
he talcon cveiy two months. Tt is wiser to cut the stump as close 
to the ground as possible, at the most three inches above ground. 
This makes the tussocks stronger and better rooted. After every 
cut, tho crop must he inter-cultivated with a country plough 
both ways. Tliis operation will necessitate remaking the furrows; 
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but it promotes rapid growth. The grass should bo cut when 
just in flower, and the fodder so obtained can either bo dried and 
stored as hay or used as green fodder with auj’’ olher dry fodder 
the rj'ot may have. A ryot would bo well advised to put a portion 
of his land permanently under this crop instead 6f using large areas 
of good laud for occasional short duration fodder crops. Iteplanl-' 
ing may be required once in four or five years. 

Slips can be had from the Centml ITarm at almost any time of 
the year. Fire thousand sHps are required to plant an acre. The 
yields obtained are about 34,220 lb. per acre per cut, which is 
much higher than the yield of a cholani or Guinea grass crop in 
the short growth period. As regards tho nutx-itivo value of the 
crop, analysis shows that jElephnnt grass hay contains 8‘81 per 
cent, albuminoids and 31‘73 per cent, digestible carbohydrates ns 
against 3‘23 per cent., and 39'20 per cent., respectively, in Guinea 
grass hay. It is much relished by cattle. 


14. SOME SUGGESTIONS FOE TJTE IMPEOVEMENT OF 
•FODDER AND FORAGE IN THE MADRAS FRESIDENCT. 

BY 

M. RAJHAMI, 

Officiating Depvtg Direclor of TAve Stoolif Madras, 

1 . Cholam {Sorghum vxtlgare) is the best of the c’dtivnlcd fodder 
crops, and among tlio varieties of this croi) PcrigamaiijaT, iiom 
Coimbatore is tho mo.st promising. Thi.s may bo tho original Pedda 
Jonna of the Ongolc tract. The need of n study of tho fodder 
grasses is veiy great, ajid more ndvnntago of leguniinous crops 
should be taken. It is suggested that more uso might bo mode of 
the common weed Phaseolvs trilohus. 



4G THE mrno^TEdENa’ or roDDER akd rosACrE in ikdia 

15. THE EODDEll PROBLEM IN THE CENTRAL 

PROVINOES. 

BT 

33. OLOirSTON, C.T.E., D.So., 

Director of AffriculUire, Central Provinces. 

In tlie Central Provinces, Ciere are three fairly well defined 
agricultnral tracts, namely, the cotton tract, the rice tract and the 
wheat tract. In the cotton tract, the fodder question is not a 
serious one. The grazing areas being very limited, the cultivator 
is obliged to grow jotoar {Andropogon Sorghum) on a largo scale as 
fodder for his cattle. His animals 01*0 largely staU-fed, and ho 
knows exactly how much bulky fodder in the shape of joicar, and 
concentrated food in the form of cotton seed, tur (Cajanus indious) 
husk, etc., they get from day to day. His draught cattle are 
relatively big and strong and his standard of cultivation iclaiively 
high in consequence. In years in which jowar is a partial failure 
ho generally manages to supplement the supplj* of this fodder by 
carting grass from the forest or fuel leser-ves in his lahsil; and in 
famine years such as that experienced in 1920 he is prepared to 
pay for baled grass railed from other districts. Ho realizes the 
importance of stall-feeding in short, and makes a point of storing 
fodder for his Cattle. The analyses of jowar stalks and other feed- 
ing stufi’s used in this tract, of wheat and rice straw (which are the 
bulky fodders maiirly used in other tracts) and of silage, Egyptian 
clover, lucerne, etc., in use on Ghjveriimcnt farms are given in the 
table below. The analyses were carried out by Mr. Plymen, Agri- 
cultural Chemist. 

The various constituents are shown as percentages on the weight 
of the food; — 

!fAl)EB I. 

Composition of the various cattle foods used, in iJte Central 
' Provinces. 
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TabijD I — conoid. 
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From ^lie aliovo it will lio seen tlint wlionl siraw, rice straw and 
foddei grass me fairly siniilni* in fOod vnliio and inferior to jowar 
stalks (locallj'- knomi as Varhi), Tt is interesting to note, loo, tlint 
Ike feeding value of onr grasses is muck below Hint of tlio varietioi 
found in liJuropo and America. 

Tahej: II^ 

Oompositton of the. common praxse^ hf the Ccnirnl Provinces and 

fferar. 
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Tabu; HI. 


Composition of llie grasses of Europe, America and Avsiralia. 
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Tlio fodder iiroWcin is not a vev 3 ' scrioiis one in tlie cotton tract 
tliougli tliero lias liccn a tendencer to increase tho area under cotton ‘ 
at tile ^expense of sucli fodder-yieWinp crops ns jowar and wlienl; 
tlie area under tlie latter crop lias Ijeen very largely reduced iritMu 
tlie last 30 or 40 years. The Wgli prices paid for cotton has greatly 
oncouraged this. In the more fertile parts of the tract the ten- 
dency lias lieen, too, to give up the rearing of cattle and to huv 
draught huUoclfs reaiod for sale in Indian Rtates, or in disti'icts 
in the -wheat tract of the Province -wlieie land is of much less value, 
wheie giaai'ng areas nhoun^«,and -wheic the rearing of cattle for sole 
is an economic proposition. ^ 

In the ention tiacf fheie are no iirisration fneilities -worth men- 
tioning; joirnr -whieUds a rain-fed crop is the most profitable fodder 
crop for the cultivator to grow. The Tlepai tment of Agriculture is 
assisting him to increase his vield hv sriving out seed of impios'cd 
varieties. Cultivators are also being advised to pro-w groundnut 
in rotation svith cotton and joxrar ; groundnut onriehes the soil for 
the sueeceding crop and sunplies at the same time a profitable 
return of nuls and good feeding stuff for ealtle in the foiTO of stem 
and leaf. The malting of joxrar silage is another innovation -whieh 
the Deputy Director of Animal Husbandry is novr trying to intro- 
duce. The Depaifraont i« also advocating the use of oil cakes in 
place of cotton seed, and the demand for the former has inereased 
eor.siderahly in recent years as a result of our propaganda. 

Tlxperiments -were caiTied out several years ago to ascertain 
■whether it would he possible to grow some of the best local grasses 
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ill rotniioii iviih ilio staple crni»i o/ tlio Irnct. tSeod of these grns'ses 
was rollociccl and sown in plots which had hcen carcfnlly mnnnicd 
and onltivated. The Yosulis ohUiincd showed that none of the 
{jrasqes ttied was ovei* lijoply to tatro thr‘,pla'ep i)f joirar, for jtnrar 
yields more fodder per ncro and pfires in addition a valuable food- 
{jrain. Ti is tlms a dnhl-pnvpose crop Snp]>lying as it does food 
for the bnlloelv and the !(nnn who wmlcs it. Tn (his (met thoie me 
nn/ortnnnlolj' no irrif'ntion faeilifics exeept from wells, and well 
irripfation is expensive. \Vi<h irrignlion pood ciops of l^p;^’p^'mn 
elover {T*iJolhnn nlt'.rantlfittuin'S enn be piown; on pome of onr 
flovenimont farms heavy yields of this hiopions fodder are beinp 
raised year after year liy iuapation from tanks. The firsl eiillinp 
is obtained in December and the erop eontinnes to pive entlinps fill 
fafe in April, fllovei is*isunl]v triown ns a seennd erop; if does vei-y 
well after riee when s*own toward'* the end of (he monsoon, ten dn3'B 
or a forfnipht hefore (he riee eiop is hnivesled. The soil, at that 
time, is still snfTieiciltl.v damp to perminnlo the peed. By D'iiip 
in eontnet with moist soil tht* seed perminntes in four or five 
daj'R, and the j'onnp plant it? well esiahlislied in a fortnipht, 
hv whirh time the riee is reads* for harvest iap, f 'lover sown in 
this way* does, better ihan that sown in open {lelds which have 
had fo ho euUivnted hefore sowinp. This would appear to he due 
to the fnet that in its early "tapes the mnnp elorer plant thrives 
best ivhen shaded fiom the hot plnre of the Oefoher sun. 

Til the riihnflispnih Division whirh ronsfitnies the pienler pait 
of the riee trnnf, theic nvo Invpe .sttelchcs of level Imt very poor 
‘lateritie poil loenlly knoni) as of the prarinp areas in 

Ihis division eonsisf of this hltnf-n aoil oir‘^ilileh the only prnss that 
fliriips well is \uMfi or spear prms f/1. ('ovio/iu^Yx 1ml the feeditip* 
value of jw hiw and il« yield poor. An attempt wiis madi< 

by* the Department to introdnee lietfer pi-asses sneh ns lirlin mum 
.wlrniinn, Jsrlirvmvvi lajrxnn, AnUrnpoqou nunuhtfvs^ * 1 . cnriroyxt^ 
and others wbub thrive in hlaeli poil. TJie hhato land seleeted for 
these expej iniPiifs iva*! eiiHivnted and the mots of sitlAu weip hilled 
as far as ))ossi?de before the seed of tho helter varieties was sown, 
Tbe latter did not ilnive well, boaeser, and the are.s was soon 
ns'ernin npain by lhi« infeiior hnl hardier pr.ise wliieli would nnpeav 
to he well adapted for shallow drv soila of this class. ArWn is not 
only infeiior in qualitv, hnf is a short season prass which makes 
veiy little prowlh lieforo the hepinninp of >Spptemher. Tt slnits 
(lowerinp in Oeloher and produces sharp spikole(« emnnionlj* Known 
as .spears. Beinp a slow pinwar it is a ]ionr pasture pr.iss, ps if 
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jirovides little or no grazing in the early part of the rains ■when" 
the cattle are emncintci atid when other fodder is very difficult to 
obtain. If not grazed or cut before the middle of October, more- 
over, the spears formed injure to some extent the mouths and 
throats of the animals which cat it. An experiment extending 
over three 3 'eais was canied out on one of these hhata plains to 
ascertain how far the feeding value of this, 'grass could he improved 
hy cutting it hefore the middle of Oetoher, -i.c., heforo the spears 
foimed. To niaho'lhe cxperi'ioent thoroughly piaelioal ten young 
animals about one year old weie bi ought from cultivators in sur- 
lounding villages and fed entirely on nvlela glass. Tn addition to 
glazing they noic given tmZ-7o glass bav wbicb bad been cut bs- 
moweia early in Oetobor and suJfla glass silage stored in pits. In 
three years these ten young animals bad developed into useful 
draught bullocks which wf re much superior to those of the same age 
in the villages adjoining. The oxpeiiinent nioscd conclusively that, 
when cut before the middle of October, snJtla is an edible and fniily 
good fodder. Cattle fed coulinuouslv on it advanced much faster 
(ban did those of tbo oidinniy village cnltis»ntor svho negleoled 
stall-feeding and whose animals had to subsist on something less 
than a maintenance diet for the greater pait of the year. The 
faihu’o of the average cultivator to piovide his ginning stock with 
a maintenance diet during the dry weathei- accounts very largely 
no donht for their being so,small and svcalc. It neeonnts, too, for 
the heavy moitalitj- among rattle in villages in the early part of 
the rains when dcatli is often, due to thoir gorging themselves in 
lice fields in which they me allowed to graze at this season. If tho 
cultivator weio to take the trouble to stoio suJtla grass li.sy to tide 
them over this ciitieal peiiod he would have much hettei cattle and 
fewer deaths among them. 

Tlio fodder problem is undoubtedly a serious one in ibis tract 
where rice sliaw is the principal fodder and wbeie there is not even 
enough of that to satisfy the liunger of the large herds kent in 
every village. The Department is trying to get the comparatively 
large and-iis^ess grazing areas in this trnet brought under the 
liloiigh wherever they aie commanded by iirigotion fiom Govein- 
ment tanks or canals. So long as such aieas'axo kept for grazing, 
large numbers of useless cattle will hexetained. JTo attempt will 
be made to piovide for the storage of fodder or to use wood instead 
of cowdung for fuel. In many cases these useless animals are 
maintained mainly for producing fuel in the form of cowdung and 
*bey share, with the rattle required for agricultural purposes the 
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veiy inadequate supply of food aToilnblo in the form of pasture 
and rice straw. Big liut poor grazing areas in short result in 
many inferior cattle being kepi; inf cr-ior. entile result in bad oulti- 
Tation,-»and bad eulth’ation rc.stilfs in poor yields and weak, half- 
starved draught bullocks. 

For poor soils which cannot be irrigntedj tho small bamboo 
(Dendrocalannts si riot us)' io, n usefiil fodder. This bamboo is easily 
established and Ihiives Vorj* well on tho light well drained hhaia 
soils of Ohhntti.«!gnTh. The seed is first sown in n nurseiy and the 
seedlings are planted -out in the beginning of the rains. In tho 
third year after planting o\it they give a yield of from 40 to 60 
tons of leaf per acre. ‘ The bamboo, morcoyor, gives a large 
quantity of green leaf in the voiy' beginning of the rains when 
other green fodder is conspicuous by its absence. Of the most 
important constituents of food, viz., protein, oil and carbohydrate, 
drj* bamboo leaves contaui neatlv' foxir times as much protein as 
is contained in tho common giosees. In the greon state the leaves 
arc greedily oaten by cattle, ' ’ 

In tho wheat tract the condition as legards grazing facilities 
arc more or less similar to those of the idee liact; but in this tract 
there are, in addition to tho aioa leserved for grazing, largo 
stretches of deep fertile soil ovonun with leans grass (Saccharum 
Bpontaneum). Tho land has Jain fallow for many years, and pro* 
vidos a certain amount of grazing for lh(‘ village herds. Kans, 
howovor, is one of the least palatable of possible cattle foods and 
is not worth including in tho category of fodder grasbcs. Fields 
of tall leans grass may ho seen even, in tho beginning of the hot 
weather, a clear indication of tho fac^’ilinl it is not lilted by cottlo. 
In this tract so little attention is paid to tho slorago of fodder that 
jawar stalks aic generally left standing iii the fields, the heads only 
being removed to tho threshing floor. That the cattlo problem is 
a serious rmo may bo gathered from tlio fact that largo areaii nio 
allowed to lie fallow because tbo draught bnlloelts ore not sullt- 
oientJy strong to plough tho land when onco it becomes infest- 
ed with kanst Tho cultivators as a whole do not appieoiaie the 
importaueo of keeping strong draught bullocks and fail therefore’' 
to mako adequate provision for fodder though jowar and Itajra can 
bo grown Bucno,ssfully in the lighter mid bettor drained soils. 
Here, ns in tbo rice tract, the area ovnilable for grazing is too large. 
No real stops are taken to grow and stoic fodder and the eulfivalor 
is encouraged to keep more caltle than he actually needs. What 
is badly wonted is on ineiease in tho area under crops siieh ns jovar 
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and hajra and tlie cultivation l>y mccliaiiical power of llio large 
’ 7i:««s-infestcd aioai of tliis tract. By means of motor tiaclors 7ians 
can, in one season, lie ciadicated and Iho land is loft ready foi tlie 
cultivation of wheat, gram and olher raZii'ciops, nearly all d¥ which 
supply the glower with food foi his Imllocks in one foim or another. 
Government is, as far as fnnd.s will pcimit, encouraging land- 
holdcis to iccl.aim their lauds fiom l-an’i hv offorinsr tahavi loans 
for this puiposc uiidci the I/aud lmpio\ombnt Loans Act. A start 
has alieady been niade in this diicrtion/ and we hope that at no 
distant date thousands of actes of rich nheat land Ij’ing fallow at 
piesont Avill be producing food for man and beast. The motor 
tractor and keioscne will .supplj' the fnotive power inquired for 
onltivalion and nill, by increasing the fodder supply, enable the 
cultivator to increase his hnlloclc power. 

Tlie whole pioblem of how to improve the efficiency of draught 
cattle in the Piovinco is hijstling with difficulties owing to the 
altitude of the people conecined. Even educated men who play 
an aclixc part in public life make the mistake of opposing the 
slaughtei- of useless cattle and of deinanding that the gracing area 
should bo still fuithei incroaoed. Tf this policy is to be adopted 
tlie pioblcni will bocoiuo still moie* difficult, for what is uigcntly 
io(]uiicd is an improvement in the quality and a decrease in the 
number of cattle maintained: but any great improvement in the 
quality is well-nigh impossible so long as tbo cultivator iclies ns 
much as he does at picscnt on grazing ns a means of subsistence for 
his cattle. 
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10. THE EOEBEJl 3>llOBEE>I OE THE ENITED 
* >1*1? O VINCES. 

Hai Baiwdo:^' E. C. SnAKJtA, M.B.A.O., 

IJrputi/ JJn'Cclor iif AgricuHurc, United Province!,. 

✓ 

Tlierc is n grenl bcarfiiy of fodder ond grazing throughout 
ihcio even in a uoiuinl year. Tims the prohloiu wo have 

to deal vith at jnebcnl is nut that oi high iceding hul the mere 
iiiainlc-nauco oi (Jie rcijuiied numhot of eattlc iu working condition 
Jroia year to year, (ogotliei with the i>rovi«ion of a le.'Civo to meet a 
loddor fuuiiiio. 

The following is u short ^^»Mnmluly oi the ejusting piactico-*. 
All avuilahlo waste lands am utilized for giazing. In eveiy 
large village certain lands nrg set apart for this purpose by coiii- 
ntou eonsout, but as each individual oultivutor is anxious to 
incieasio his holding, and the zarnindar wishes to expand his roiit 
roll, a gradual vnaionoluueul is. constantly taking place. In some 
places llio iuhabilnnts oi a villagfe have jointly, taken a lease of the 
eoiimion grazing lands and find this very advantageous. Such a 
pinc'tico might he considered hy tlio Co-opciativc Societies. In 
congested localities, individual ouUivalors reserve fcomo land for 
grazing in tho fonu of a tvinpoiary fallow hut generally the sllih- 
hlcs loft after the harvest und sonio,coarfcc grazing foim flio main 
food of the cattle. Low-lying lands teiiriuliod hy annual inunda- 
tions yield luxuilanl crops oi daob anu'othur grasses aud form the 
cold weather grazing lands. Cattle uie ficnt to graze on these lands 
fioin long dip(aiice«. 

In the "IVestoin Dihlricta, wliero u heltei rlnsa of cattle is kept, 
the cultivators glow, fodder eroph which arc partly fed gicou and 
paitly made info hoy. Eiom Novemher to April, tho cattle are 
giten elioppod jov'ar or liaj^a fodder ntld tho straw of ijulresi,. Erora 
May to October, wheal and barlej' hhtua me given supplemented • 
hy cotton aced, oil cake or sonio cheap grain, the latter only when 
the catllo are doing liavd woik. In ll»o Eastern Districts, wdievo 
holdingz are Hiiiiill and tho entile poor, the cultivators only give 
their cattle diy fodder al iiighl supplemented hy what they nnd 
piols up during the day when tttrnod out to giaze. 
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' January to June are llie months during TEdiich there is the 
greatest difRculty in ohtaining fodder. This period is followed 
by tlio lainy season when in noinwil years suiliciciit foddoi is 
obtainable. If, however, the monsoon fails, the fodder crops fail 
also. In such a fodder famine the people are helpless and a large 
number of cattle starve to death. It is not unusual for even good 
cattle (o he sold for half thoit value during such a peiiod of soar- 
citj’". Some cuHivatois send their cattle to the forests, low-lands or 
hill-sides to grave but these places soon become over-crowded. A 
limited number of cattle, however, are thus saved from starvation. 

Even ijv normal years there is ‘ not sufficient fodder for the 
existing cal tie. In addition, the pressing problem of the moment 
is to increase the nnrabor of rattle and to piovide better breeds. 
If no increase is made in the number, the cattle now available, 
wliioli arc already over-woiked, must be provided with an ample 
nud a much lichor diet. The fodder question is also becoming 
morc^and more serious on account of thb pressure of population 
and ''the gradual encroachment on the grazing land. Attention to 
the points gh'on helow would greatly assist in the solution of this 
problem : — ' 

(I) The safeguarding of the exist iuggiazing lands from iuithcr 
- unercaohment. 

•(2) The improvement of the glazing lands by enclosure, by 
iiiigation {sinHng tube wells, lepairiug old tanks, lior- 
ing existing Wells) and by growing on dry lands drought- 
icsisting crops sutdi as priclily-pear. 

(3) The extension of the glazing facilities. This can ho done 

to some extent by saciificing the interests of foiestiy to 
those of i-altlo breeding, by determining grazing rights, 
by indneing Court«'’of Waids to giant pciinanoni glaz- 
ing concessions and by giving Co-operative • Societies 
long leasc.s of grazing lands. 

(4) The ulilizalion of eeitnin plants such as Itaisurni Poshana 

glass) as part of tho food. • . 

(5) Tlic prcseivation of fodder in silo pits. 

(C) 'L’be employment of improved methods of storing the fodder 
and of feeding the enitlc. 

(7) The spicad of private farms nil over these Pi ovinces.” 

(SI The improveniout of tho mamno-malcing system of the 
• villages and tho utilization of cake manures. 
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(D) Tlio ixnprovoinent ol laviao anti "waste lands "wlieirevei' 
possible. 

(10) The coniiiieiuonl' ol the glazing of nomadic calilo and 

Brahmani bnlls to cettnin fixed areas. 

(11) Tlie Jon’ci'ing the canal rales on fodder crops. 

(12) The creation of transport lacilitios bolli as regards railway 

freight and(llie supply of waggons. 

All these reconiiuondations, Lon'cvoi’, will nut bo sudiciont unless 
the annual fodder outturn por acio is increased. A good outturn 
cannot bo obtained without good cultivation, good cultivation 
cannot bo given witliont^good bullocks and good bullocks cnnaoi 
ho obtained without an iiuiple supply ol good fodder. An ample 
bUiiply of good fodder thoieloro appeals to mo the basis of all 
agiioultnio. To talk of improving tlio cuttle without first bccuiing 
a bupiily of good loddcr is^^in a way, putting the cm I heiore Uio 
hoiso. MHiat is Te«iuiiod fii'sl of all is the giowth ol good fodder 
crops in <pianlity. A good fodder oiop is rich in food constituciitb, 
ib digCbiihlc, palulublc ni'id a heavy jioldor. It should glow 
rapidly without hoas'y mauuviug, and, ulmt is still more eosoutiol, 
it should ho easily grown and prosoiwcd. 

The scarcity of fodder is .'duo to the small outturn poi acio as 
well as to the incrcaaingly; oon’gcsted population. The population 
uaunot bo eui tailed, nor can it bo pTc\onted from increasing, hcncu 
wo must tacklb the question of ibe bmull outtui"n which indicatcb 
poverty of the soil. IV hy is there this poverty? It is caused by 
llio annual removal of crojis of w'^Cich very little is returned to the 
soil. I’or iuslancc, a muixe cioi> weighbig 3,883 lb. in grain and 
stalk*- will, loughly bpeakhig, remove 121 lb. abb, 43 Ib. nitiogen, 
3G lb. pola«h and 18 lb. phObplioiio acid per acre. J 1 uhcul ib 
growm and sol<I, (he lo*»8 -vTOuld' amount tt» nearly 30 lb. nitrogou, 
13 lb. phosphoric acid and 9 lb. of potash for cvoiy 25 hushols ol 
wheat iomovod.^ TJicro will be siniilai lot^es if barley is vomoveil. 
'J’Jio main solution of the pioblem lie.>» in increasing the outlmn per 
acre, without unduly deeruu'sing (ho fertility. This can only ho 
done by intensive ciiltivation and by gi owing soiling crops 
wlierovor uii'cum stances allow. Roiling crops are cut and fed green 
whereas foddbr crops are frequontly inatuiu when hnrve.btcd oud 
are always ‘fed to animals in the cuicd foiui. Since soiling e.vop^ 
arc Usually hnrvoofcd a littlo short ot maturity it is often possible 
to grow two crops on the same Itvnd. Soiling is generally adopted 
in an intensive & 3 ^H(em of cultivation, that is to saj', 'where culti* 
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valilo Jands aro dear and scarce and wlicie it is necessary to ol>lain 
a uiaTcimuin yield in a inininiimi iiino. By the soiling system, 
there is (1) less svastago in iccding, (2) less loss than in harvesting 
niatiu'c ciops and (3j a moi'e complete ^consumption of the food. 
This sj’stcm efl'ccts a great saving in land, fir it enables the grower 
to laiso much more food from a given area. Ordinarily, where 
Ihice acres of grass arc required to keep a. iqilch cow in good condi- 
lioji loi six ^months, it would he possible to grow enough soiling 
lood to keep the same cow all tho year. lUcncc a given area will 
suslain at least twice tho number of animals. "With tbo incicase 
oi ibe pojnilalion, ibc savbig in area cKcctcd by using tho soiling 
system will incicase in iiupprlnncc, espeeiallj’ in the neighhour- 
hood of laigo iowuitl. iloicovcr, since by the soiling system a 
latger number of cattle dim {7e'.^>iutnined on a given area, a laigci 
quantity of mailuie of a siipciiui 'quality will be obtained tbnu is 
possible fioin live stock kept on tbc jinstiiiing system and less of 
what is llius made will bo unsled. A still fuither saving in soil 
forlilit}' e.sn be efl'eeled by glowing leguminous fodder crops such 
as luueinc, jicas and beans in the rotulion. Tlioy not only cllect 
a saving in *-oil feilility but also provide highly nuiiitions food, 
tioiiig rich in fat and alliuniinoids. ' 

Another point may he inonlioned and that is tho importance of 
cutting fodder for prcsoivation at the light period of giowth. Tho 
nutritive \aluo of todder or hay depends on (1) its composition, (2) 
its digestibility. Young ciops, being much richer in albuminoids 
and containing a smaller portion of indigestible fcbre tban old 
ones, are consequently mnic nouilsbing. As tbe composition of 
hay is largolj* inilueuced .by the age and condition of the oiops 
when oat, this operation should he cariicd out immediately full 
bloom is reached. After this _ point the quality of the hay 
dctcriointcs considei ably. A ciop whicb cun only be used as it 
glows or which will do{erioinic apptcriahly on keeping, is badly 
handicapped in compaiison willi another. W’hich, though yielding 
less pefyfthre, can yet be piesorved as haj' -or mlage. 
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17. A FODDER PRO.]Uil5M OF THIS SURMA VALLEY.' 

BT 

J. N. dirAmiAVAKTT, B.A., 

Deputy Dircclox of Agriculture, Surma 'Valley. 

Unlike the condition'? in most otlier paits of India, llic main 
pioLlcm in the Surma A’’alloy is lo find a fodder eiop Jor the rains — • 
pailicularly from July to Novemhor. TJie count ly practically 
goes under water dming this period and. tire wliolc of the area is 
used for groiving paddy which is'.Jhe only crop of the Province 
during the rains. The hotises in most villages stand out like 
islands. The small area of highland near the lionrcstead is used 
for seed beds and for growing vegetables. The cattle are herded 
together in sheds and gotrneither exercise nor grazing. They, 
auksiht on grass collected^ froju big hovh (miniature lakes) whieli 
is brought in boats. The collection entails considerable expendi- 
ture and the grass is of a very infeidor quality. During the winter 
the water subsides and the heels;; full of green grass, are available 
for grazing. In addition the paddy is harvested in December, and 
hrt'ds of cattle are sent to graze in the Jiolds. There is also plenty 
of paddy straw. The main problem in this Valley;, therefore, is to 
grow a fodder crop for the miny months. 

At the Kai'imganj Farm, attempts have been made since 1018 
to grow early mups of jowar in fields in whicli aus j[>addy is u-suaPy 
growm. These do not actually become submerged, but become 
wmlerloggcd in Juno and July. The seeds were sown immediately 
after, the fiisl showers, hut as boon as the land became water-logged 
the gi’owth of the jovar was tirrcslcd and the crop rarely grew more 
than four or five feel Chigji {md gave a veiy poor outturn.. It, is 
now proposed to sow’ the crop in Jnnuaiy immediately; the 

paddy harvest. It is hoped thfxt the seeds will germinate Itf tear the^ 
first shower and tliat the plants will grow' vigorously .epgugh 'to 
.airtain a good height before water-logging sots in. 

Any suggestions about fodder crops which may be tried under 
these semi-aquatic conditions will he greatly appreciated. 
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IS. BROOM CORIf— A ?fEW RODDER CROP. 

BI 

S. K. MITRA, M.S.. Pli.D., 

Bronomic Botanist to the Government of Asiam. 

Tlirco Tarietics of Broom com (SloDdord, Acme and Dwarf) 
received from the 'Dnifed State? liave been tried at 'Krniiingnnj, 
Sliillong', Jorliat and ilic Demonstration Farm at Ilaflong Kill. 
The result? obtained piay bo summarized a? follows: — 

1. Karirngauj. AH' tlio varieties grow fairly well. Both the 
Acme aiiid Dwarf showed a good growth, suitable for silage or lor 
feeding green to cattle. The yield of fodder was loughlj" about 
250 maund? per acre. 

2. Hadong. All-.tho vnriotios, grow very well, far better than 
on the Earimganj FnTin.-j'"A'Rihn^lodde»‘«pioblom docs not aiisc at 
Ilaflong, the crop could bo growui for grain like joicar. 

• 3. Shillong. , The Brooivi'Cnm was planted in the same field with' 

maize, \)p,t-dl>i^'.p^n<s< '-showed a veiy poor giowth and were ^c^y 
late in maturing. • * 

4. Jorhat. All tlie rnrictics grew ns vigorously a? in the - 
southern parts of the Dnited States of America. The standard 
atinined a height of about Ihiitccn feel, while both llie Acme and 
tho Dwarf showed a luxuiiant giowlh. The yield of fodder was 
joughly about 200 uiaunds per aeic. 

Furtlier trials will he made next year. As Broom com, espe- 
cially tho Acme and' Dwaif varieties, nmluics for fodder in two 
months, it.inay prove useful as an early fodder emp in the Assam 
"Valley.' TjUd^sfinw cau he used for blooms and blushes for which 
there is aluJStVfV.^' demand. 
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Fablications of tlie Imppirial Department; of Agriculture in India. 


’ • To bo had from 

Tlio Oifico of iho Agn'oultiural Adrisor to iho OoTommczlt of^Iildia, Fiisa, Bihar, 
and from tbofoUorring Agents: — 

(1) Thaokor, Spink & Co., Caloatta. | (7) TImskor & Co., Ltd., Bombay. 

(2) W, Ko\rman & Co., Cnjcutta. I (8) SnndorFanduiang, Bombay. 

(3) Bai M. C. Sathat Bahadur & Bono, Calcutta. { (0) Bai Sahib M. Onlab Singh & Sons, Lahore, 

(d) Higginbotham & Co., Madras. < I (10} Manager, Bduontional Book BepSt, Nagpnr. 

(6) Thompson, Ltd., Madras. I 

(Oj B. B. Tarapoiovala, Sons & Go., Bdhibay. ' 

AcompiGte list of tho publieationsofrthelmportntDepartnientoIAgrleultureiiilniiiaeanbBob* 
iaTned on application from the Agricultural Adviser to the aevommeni ol India, Pusa, Bihar, or 
from any of the ahavo-monf toned agents, . 

Theso pablications aro <. 

1. Tho AgrieuUural Journal oJ IncUa, A Journal dealing with subjoots oocnortod srith agrioultural 

ooonomics, field and garden orops, eaonomio plants and fruits,* soils, manures, methods of onlti- 
vation,. irrigation, olimatio oonditions, tpodb jtests, ftmgna disoasca, oo.moTatiTO orodit, agri. 
cultural cattio, farm implcmonts, and othfr a^multaial mattoia in Intba. Ulustnitions, inoinding 
ooloured plates, form a prominont fcatoreV)! tho JoumaU Ikis oditod by tho Agrioultnral Advisor 
to tho Qovommont of India, and is issued onoo ovo^ two months or six times a year. Aniiwoi 
Subscription, Bs. 0 or Or. 8d., including postage. Singlo oopy,<B. LB^orfir. 

2. Soiontifio Beporta of tho Agrioultural Bcscarch Lutitutb, 

3. Annual Bovfew of Agrioultnral Opomtions in Indio. 

4. Froocedinga of tho Board of Agcicultnro in India. ^ 

5. Froooedings ol Scotloual Mootings of tho Board of Agrioullnre. 

G. Memoirs of tho Imperial Bepailmont of Agrioultuio' in India : 

(o) Botonical Borics. 

(&) Chomioal Senos. 

(e) Bntomological Soiios. 

(d) Buotoriologioai Series. 

(e) Votoiinaiy Series. ' ' . 

7. Bulletins issued by tho Agricultural Keacarch Institute, Fusa. 

8. Indigo Fublications, 

0. Books. 

The following fire the publications of the last two years 
Soiontifio Boports of tho Agrioultural Boseotoh Institute, Fusa (inoluding tho'ItepOxtv of the Imperial 
Dairy Evpert and tho Seciofoty, Sugar Bnioat$, for tho year 1D30'21. Frit d, B. 1-8. ' ' 

Soicntlfio Boports of tho AgHouUural Besoaroh tnst’tuto, Fusa (inoluding tho Bopdris of tho Imporial 
' '■ DdlQ' ^xpoit and iho Scorctary, Sugar Bureau), for the year 1021-32, Frice As. U. 

Boview of Agricultural Operations jn India, 1020.21. Frico, B. 1-4. 

Boviow of Agriouitnial Operations in India, 1021-22. Fiioe, B, 1.4. 

Proceedings of tho Board of Agrioultnroin Lidia, hold at Fusa on the 1.7tli Pobrunty, 1022, and follow- 
tng days (with Appondiccs). Frico, B. I. 

Boport of tho Froooedings of tho Fifth Dnlomologie^l Meeting, held at Fusa on Stii — IPth Fobruary, 
" 1923. {In l/ie press,) 



msmOIRS OF the department of AOBIOin/nTRE IN INDIA 

t • 

. , ^ Botntdcal Series 

VoL XI, No. Vll. Conclutiorf ol Coloni Clifiwctore So Eice, by G, V. Hroioit, m.a,, b-So. 
Erico, B 1-lorl* 8-J. -- 

VoL XI, No. Vin.* Tho luhcritanco ol Cbaiacton Sn Bloc, 11, by T. B. PABsm., »i.A„ Ag. nip, 
(Cantab.), uith tbo (iviattnco ol G Nr'fBvKQABvrAMi AvrABOAn, ii.a., k, 
Bamiah, LAg., nnil C, K. SniMVASA' AvYAicaATt, (..Ag. Prirc, B. 14 
or U. 8<f. 

Yol XI, No. IX. A Non Glngor Disease in GodtAon Bhtnct, by S. SnxninARAJiAv, AI.A. Pneo, 
B. 1 or Ia. -Ill, 


Yol. XI. No. 


Yol. XII, No. 
A'ol. XII, No 


Vol. Xir, No, 


X. f/e!mtnlhc<porium spp. on Ccrcata and SugATcmo In Imlin, Part I. Disoa'cs 
ol Hra Slatjt and flonjhum vujii''rc cauArd by spreica ol Udmirlhosporium), 
by Mabodan'Jav Mmu, also. Pnen, B. 1 or 1'. dd. 

I. 'Jlic WbratA ol Dihnr ond 0^iA^a, by AniirnT llonr wn, 0 . 1 . 1 : , itA , OAnriKoPE 
1/ 0. HowAnn, it.A., nntl Ann!ni‘BAitM.\s Khak. Pr.co, A« 8 or 01. 
n. I — Itiatoiy ol tbo oporationa nzain'il pud-rot ol Pnlmatn PoiitU India. IT— 
liioeiilntion Bapcnnionts nilh I'Tiiilaphthom pnlwnom BulL on JJoratma 
jhla Ihftr Linn, and Cocoa «nct/<rn I.inn , by lY. SloIUr, M.A., D so. 
Prioo, B. 1>1 or St. 

HI- Studies in Tnlu'ritanco iii'Oottoii, J. Ilislory of n Cross Ijotnocn (7, lirrbareum 
nnd 0. mgleclum, by G. h Kon'i'U, m.ao. PrSer, B. 1 4 or U. Od. 


Chemical Sc:dra 

Yol. VI, No. I. Inicstigaticns on Indiiui Optunii^No. 1 . Non-cmironmcn(a1Piic<ors inOneno- 
ing tbo Allnloldol Contrnt and Virld of lAtcv irom Ibo Opram Poppy 
{I'apatcrtamnifmm), bj IlAnoLn E. Ansett, n so. (bond ), r.iA) , mj.e.a.0. 
IlAiu Das Sr-c, h.ec , nnd ItAn EAvAnSiNoii, b.so. Price. B. 1-8 or St. 

Vol. VI. No. H. InTcstientioiRonlndbm Opium, N 0 . 2 . Tbo Egret of Kon-cnvironmcntalPactors 
on tlio Albaloidal Contone and Yield of Latot from tbo Opium Poppy (Popanr 
aomniferum) ond tho boanngs of tbo irorb on tbo functiona of Allaloidg in 
Plant I.ifo, by llAi’OJ.n'E. Awrrr, d.sc. (lAUd.), r.lAj., M s E.A.ei. Pricey 
Ba. 2 or Ss. Dd. 

Vol. VI, No. HI. SUdica in Sod Moisturo, Part I, by B. H. VYilsnon, s.a. [Oson.], Price, 

, R. 1-8 or 2«. 

Vol. VI, Noa. TV Varlationa in KiTncChanietorWlcsol tboBil of BiiSalo and Cow Mill, with 
.1 V. changes In ‘•’cavon and Pcoding ; Tlio MutunI Applicability ol tho Analytical 
Piguroa for Butter Pat and Giioc, by P. d. X’i.\Atra, AAia.r, and A. B. 
PAorAWAnaa Arvru. » t. Piieo, An. J2 or la. 3d. 

VoL VI. No, VI. Investigations on IndioU Qphiai. No. .1:' Stiubca in tho Mcconio Acid Content 
of Indian Opium, by Harold E. ANsm, D.so. (Load.}, r.r.o , ii.s.ila. 0 ., 
f •- -y. and MATpnnA Katu Bosr, m~a,i Price, As, Corfif 

Vol. VI, No.j-TPt\Chcraieoi^Ptndica on BalQowor Sc-.d nnd ita Gimunalion, by V, A, TAUiUnr, 

. - ^ jM.ae.,- Price, J\a 10 or In. ^ 

Vol VI, No. vili,"'Nolo on' tho'’l?Srmanent Mnnurial Plots, Coimbatore, by Bola'vd V. Nonnis, 

- ' . vD.so, Price, B. 14 or la. 9d. 

VoL VII, No . T.,' A Noto on tliif Bydtdryanio Aoid in tho Burma Boon (Piateolus fuRaiw^sp,), 

. • ■ by P. J. TVahtr, m ad., ilsc. Price, As 12 or 1a. ' 

VoL VII, No, n, Siwbes of nn Add Soil in Assam, II, by A- A. Mcsniti, D aO. Price, As 13 or 
' I». - " 

Vol. V1I» No. ni. A it% Note oa the 3)(r<»om|itnition of in SouUi 

IndlM) SoiK liy ilnir,\ND V. JfoioRis, d.&d., i*.iaC, H ViawAVATiranil 0. V* 

* K Avr.ut* loaAg. (Jtt f/i{ yrcf 7.) 



Entomological Setiea 

Vol. Vn, No, VI. Iiifo-}iistoricBf>fIndianIn90QtB. ’ Dipteta: Sphryracephala hcartciatut, Wcstw., 
by S. K. Sek, Ti.Bo. Prbd, A^.- 12 or 1*. , , i "■>- , 

Vol. VII, Nos. vn. No\r ond Rato Indian ndbaoiia in tbo Pu3a"ColIootion ; VurUior Notes on 
& VIH. Shinocifpha lAWoe, by Major V. 0. Fjiaseb, i.m. 8. Frioo, R. I-l or 1«. Od. 

Vol. vn. No. IX. NoIob on Indian Biniora, by Ron mo Scirioit-WinTC, r.iA. Price, R 1-12 o*" 
2<. 3d. ' 

Vol. vn, No. X. Ptalyecim gossypidla, Snund., Pink BoU-Worm in South India, 1020-21, by 
N. BmiiAitn, o.t., r.i:.s. Price, As. 12 or 1«. 

Vol. vn. No. XI. Studios in Indian Barmapfora, by MonoAX IlEnAnn. Price, R. 1-4 or l9. OJ. 

VoL vn. No. XII. Pintber Notes on Peinpncret ajpuu, Pht. (Tlio Cotton Stem Weevil), by E. 
BAOUtno, n.A., r.n.o. Psice, R 1 or Is 4d. 

Vol. VII, No. XlII. Account of l^phLimonU on the Control oi Siga (Seliomdblvi) iiierrIcJlu) in 
the Qodavari Delta, by E. BaUiAno, n.A., r.n.s. Price, As. 1 1 or 1«. 4d, 

Vol, VIII, Nos. I, II llydrophilids) oI' India, by A. n’Oiiaiiv'MOXT ; An Annotated Inst of Ichnou- 
& in. monldiD in the Piisn Collration, by 0. R. Dorr, n a. ; A Second Noto on 
Odonata in th^'Pusa CoUootion, by mAjon P. G. Pn tsnn. Price, R 1 or Is. Gd. 

VoJ. Vm, No, IV. Notes on Indian. lltuwubo, liy.R. Snwon.WintE, r.E.s. Price As. 12 or Is, 


Vol. ni, No. IV. 
Vol. Ill, No. V- 


<; ' 

Veterinary Series 

Sludirs in Rindorpo^t, by W. A. Pool., M. 11 . 0 .V.B., and I. M. Bovec, r.il.o.v,B 
Prioo, R, 1 or Is. 4d.> 

Etiology of Eqnino Cootogious Abortion in Indio, by T. U. Boxus, r,n.o.v.B. 
Price, As, 8 or Orf. \ 


A 

BULLETINS ISSUED B7 THE AUBICWURAL BESEARCH INSTITUTE. 

PUSA 

No, lie. A Survey of tho Indian Poppy-growing BiatrioU for Moipbino Content of the Opium pro- 
duced, by H. E. AtmoTT, c sr. (Bond.), s.i.o., K,s.s.A.a., IlAni Bab Sek, si.so,, and 
Han Bayai. Sntan, use. Price, As. 2. , • i 

No. 117. Eaporimvnls with Castor Seed Conducted ot Sabour, byO. Soirens Taywib, ii.a, Piico, 
As. 3. 

No. 118. The Saving of Irrigation Water in Wheat Grmving, by Alderi Howasd, o.».r., M.a., and 
Oadru.u.eB. C. nowAU),4r.A. Pnoo, As.-!, V , 

No. 119. IIio Agricultural Bovolopment of Balnolualan, by'AtDKhT IIoWAJio, O.I.E., M.A., and 
ClAIlRIEtUt B C. HowAtin, U.A. JlriflB, Ab.-O. / ■* 

No, 120. Tbo Somm SiimlUancoiis Method of Inoculation agt^hJ^Rindcijlhii^^'iby-.W,., A. Pool, 
UJt.o.v.8. PricOfAe. 2. (Out n/ print.) ‘ 

No, 121. Notes on Contcgious 'Abortion in Pony and Bonkoy'MnTCS, by R. Builk^oiui, H.B.O.V.S , 
and T, M. Boyre, f.»,o.v.8. Price, As. G. ^ ' 

No,' 132. Piisa 12 and Puna 4 in tbo Ccntnvl Cirolo of tbo United Provinces, 1>y B< 0. Bonv, M.n n. 

n.so., r C.8., Af.Bnii! nowAno, O.T.B., u.a., nnd GAnnim.s 'B.'‘'C. HowAnn, u.a. 
Price, As. 11. . _ ' ' ^ , 

No. 123. Tho ISnndolJvhand Cottons. Experiments in thoii Itnprovonionf liy Pnro Bine Scleotion, 
by B. C. Bdut, M.i<.e., li.bo.i VMJSn <^d Niz^MonniV Uauiep. Price. As. 4. 

No. 124. Safllawor Oil, by Ataiaix IIowAKH, ii.A., ond' X EnWAitX lliMiKorON, PHco 
‘ As. 4. ' .r.'j-’' 



bulletins issued by THET^^AlGI^BiaUtiTUBAL BESBAEOH INSTITUTE, 

Impaii- 
Triiils Ituft 

Noi 12 I Tlio Ciuanat Blce^g Disame, bf 8. Sinn>AiLir.Isu3ijV.A. Piico, As. 8. 

No.^lSS B^minlhetporium Discass of.pnday;b7 S. Bcssasajumai!, u.a. Bnco, As. 9. 

No. 129. Tbo Propaiatioa of AnU-riodorpeBl Sonim using' AjumaU of modomto snscoptibiUty ns 
Vitos Praduceis, by W. A. Poon, H.B.ar.s., flkid T. AL Dome, r.it,o. v.8. Price, As. 12. 




Boporf bf Cdmfiajgn jkglinst JSpoiopUra mauritia, Boisd. {Notlttiia) in MsUbar, by D 
, BAcnsnp, i).A., r.E.e. Price, As.?. -p 

r N<). 133. Besnlta of InTostigatian of Bionomies tAJPlatyedra gottypi^h, Sanndets, in Sontb India, 
togetuir rrith somo notes on Eariofirnttlam (tnd E.Jaliu, by E. Bauan), n.A., F.i^s. 
- , <■ . Fate, As. 6.. , ' ’ 



,. . . ^ 1. (Ob» 0 / print.) 

Ho. 130'."^Iia'.U^i!^ej!'fi)o;ConeonttaUons ot'soi^'indian Soils and Plant Joiocs, by-W. E. Q, 
' - Jaexxs, o.n.B., s».J>., r.l 0. PHoo, As. i. ^ 

Ho. 197.. Hoto on Ibe Probability of an Intor-rolntianbet\roon the Length of tbo Stigma and that of 
the Rbro in somo forms of the genns Gostyfiian, by Bam Pbasao Prise, As. 4. 

Ho. 133. AlethoJs of Examination of Ojrtam Chnnetors in Cotton, by G. B Hibson, ».sc. 
, Priop, As 8. ' . ; . 

'Ho, 139 . List of Pahliaations of Bidisn Eniomelogy, 1020-21 (compiled by the Imperial Entorno- 
, Jo^8t).'.Prioo;'2tj Jj ’ • 

Ho. 140. The Dotormin'ation of Prussia Acid lu Barma Beans (PAosecIuf tunnfiu) (Proiimienty 
• ■< Hots), by J. (huni/ron, a.so. Fate, As. 3 

Ho. 141. CSompamiixo Manurial Valuo of the irholo Plants and Ibo diOorent parts of Green Manoros. 
by H. V. dOSEI, B.A., AI.BO., InAg. Piioo, As. 0, 

The Cultivation of Loo in the Plains of India, by C. 8. MtsnA, B.A. Price, B. 1-8. 

Bar {Zltt/fJnti ji jitiq] Fruit ond if s Fly Pest, by J. L. lOtAni!, r.n s Prioo, As. 0 


Ho. 142. 
Ho. 143. 
Ho 144. 


Ho. 146, 

>S. 

/Up. -14?. 


ObsorvoWOns on the Morphology ond Lifc-cyclo of Filarta rccon'fifa Grasai, by Sf. AiiAaT 
HabaxA!.* Bao. .Ptigo, As 0 . . 

6 ,. 8omo ObserviiKoits’oh tho Burred Soils of Lovrrt BneeDsab Co’oay in thD"Paniab, by 8. 
'“/f T^^'eyontlpit of-Hnlsanccs'-oaused by t!)e,'PfUl)Vlht|ig d£ Poddy, liy J. CnASbTon, n sr , 

•' A.I.C. 

'tS.! -.fc a- i'enn 


Ho. 147. List of Pkd^afions On Indian ji^finuplo^, ^922, compiled liy the Impoiiol lEntomolg- 
gist. . .([rs3tii^re2-.J - f . » ^ 

Ho. 148. The Bblatiy^^to.'^ftiuiibibty of Physical Ucal and Aficio oignnisms for.Uia^o^ JVeather 
. ^ Bolting ofyp^tat^^in Western 'indip, by S. 3, AraFiun, » a. (/» *?« 

Ho. 149. "A 8tu^ of 'fhfi. Padtors O 3 >orativo in tho Tnluo of Green Manure, by b! i'W^ooK, 
B.A., 1.1 b.', T.ijr LASonn, AbA., 0.S0., A td., oucl SL MokaM) Liid. {In tfiejprct^ 

Ho. 100." Tho Ini 3 >rbvora(!Ut'WtPoddor and Foiaye in Indio (Papon road 

of tho sections dt Agrrsulturo and Botany, Indian Science CongtQS 3 ,‘i(®JStk'^«d By 
GAJiMm.15 'll. <5. Eoivabd, sla. Price, As. 0. '.j; r 

Ho. ISI. A Method for tho Aocuiate Dolermination of Cvihcnio Aoidptcaonl rs (^dmgate in Soils, 
by PiUKi Bsusas SAirFAi7,sM.sc. Price, As. 2, 





